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The 1989 Acquisition Research Symposium is the latest in a series of
conferences that began in 1972. These Symposia offer a dynamic forum for
dialogue among key professionals working on vital issues facing the acquisition
community. Attendees include senior officials, program managers, staff officers,
and researchers from the Department of Defense, federal civilian agencies,

academia, and industry.

This year’s theme reflects the prevalence of innovation and change in the
acquisition process. "Solutions to today’s acquisition problems" are discussed and
examined throughout this publication. The papers included cover the latest
research and development as documented by individuals involved in the many

aspects of the acquisition process.

We invite you to take advantage of this publication, which expands upon
Symposium presentations and introduces new authors and topics. Please note
that the views expressed are those of the authors and do not necessarily reflect

the views of the organization with which they are associated.
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A Missile Program Office Exercise—Using ~BTI-Balanced Teams

Dr. George R. iicAleer, Jr.
Industrial College of the Armed Forces

ABSTRACT

wouldn't it pe remarkable if we could speculate--
accurately--~how a small group of people would
perform on an assigned task? Or if we could
objectively evaluate their performance? wWouldn't
1t pe even more remarkable if all this could oe
done in a program office (P40) environment?

It sounds too good to be true, yet the concept was
demonstrated at the Industrial College of the
Armed Forces (ICAF), with 220 senior military
officers and civilians participating in a five-week
exercise, The subject? Acquisition of a surface-
to-surface missile system,

The participants were divided into four ami five
person groups. Each one took its missile system
from concept exploration through production and
deployment. They encountered many of the same
decisions that would be made in a real program
office. The difference was that each of the 50
teans were structured by psychological type using
the Myers-Briggs Type Indicator (MBTI). Team
performance on the exercise was measured, then
canpared with how well they fared against one
another .

As you can imagine, many questions have arisen
about the results of this research: Does it make
any difference what type people are in a group?

Do certain groupings of people in a P40 environment
yield better (or worse) results than others? Is
there a "collective" psychological nature about the
members of a group? Do any relationships
(correlations) exist between performance and the
characteristics of groups?

All of these have came out "yes" so far.

INTRODUCTION

The basic idea of this research was to explore the
idea that a small group of four to six people had a

“collective" psychological type, and that certain
assertions could be made about the functioning and
performance of the group as a result of its
"collective" type. The purpose of the study was to
evaluate psychological type and its relationship to
ygroup performance (Figure 1),

INDIVIDUAL
PERSONALITY

PERSONALITY RELATED
FACTORS OF THE GROUP

PSYCHOLOG'CAL TYPE
OF THE INDIVIDUAL

PSYCHOLOGICAL TYPE OF THE GROUP

PREDICTS PERFORMANCE?

Figure 1. Psychological Type of the Group

The research was conducted at the Department of
Defense's National Defense University--ICAF—in
washington, D.C. A sample of 50 groups, comprised
of senior military officers and government
executives, participated in a systems acquisition
exercise., Each student's BTI was known, and teams
were structured in sizes up to six members each--
the norm being five--with prior acquisition
experience intentionally balanced anon, the teams.
Sane teams were formed randamly, while others were
arranjed so they would pe (nearly) hamogeneous
according to 48TI. ‘ihe objective was to assure
that team camposition was varied in order to
provide a range of differences among teams. Team




memers were assigned responsibilities similar to
tnose of the senior leadership of a real program
office. One was designated the program manager
(P4) .

EXtravert.cecessessessDeeascesecessslntrovert
Sensing.eeesseesscesOeicecsescsassslntuitive
ThinKingeseessnseeesaOiseaesaseese.Feeling
JUdgind.esesesseesssDecsocesessss.PeICEiIVING

Figure 2. The Four BTl Dimensions

For each BTI dimension--£I, SN, TF, and JP (Figure
2)--a team's average continuous scorel was
camputed. Mean continuous scores allowed the
classification of teams into a "collective" 4BTI.
Similarly, the standard deviation (as a measure of
a teamn's diversity) was computed for each .WPf
dimension for each teanm.

The exercise had a nuwer of decision points, at
which an effectiveness index was computed for each
tean. The change in this effectiveness index from
the first to the last decision point was the
objective measure of performance for each team.
The index was canputed by appraising the three
critical factors found in any weapon systems
acquisition: the funds expended (cost), the time
taken (schedule), and the perfommance achieved,

Students were also asked to camplete a 27-question
survey about various aspects of their team's
participation and involvement during the exercise,
Additivnally, each team was observed by a faculty
member who provided an assesament of team
performance, actions, and activities. Both the
student survey and faculty observations yielded
subjective measures of team performance, against
which the objective performance data were also
caompared.

At the outset of the study I had conceived a
relationship existing between (1) group performance
and (2) the likeness (or dissimilarity) of members
of a group. Figure 3 depicts this relationship as
L envisioned it:

PERFORMANCE

LIKE DISSIMILAR
(HOMOGENEOUS) (HETEROGENEOUVS)

The Group's Type

Figure 3. "Collective Type" vs. Performance

I anticipated that groups within these three
categories would perform roughly as follows:

[A] Because of similarity, more cohesion, but
less discussion; agreement occurring
easily; issues and alternatives not
thoroughly discussed; result: marginal
per formance

[B] A modest dogree of conflict exists--the
right amount; issues discussed, alter-
natives surfaced; yields the best
per formance

[C] Because of dissimilarity, too much

dissension, conflict, and disagreement;
result: poor performance.

So there were several elements to be considered
and evaluated:

- Tean Performance, as detemined by an
effectiveness index oased on cost, schedule,
and performance

- The average (mean) and standard deviation of
each team's MBTI--on all four dimensions

- Each student's opinion about (a) himself and
(p) the functioning of his group

- The conclusions drawn py faculty members
about the groups they observed.

ANALYSIS: WHAT HAPPRIED?

performance and MBTI

Tean performance, using the effectiveness index
already discussed, was correlated with a team's
average (mean) MBTI scores for each dimension, with
the following results:

Preference g p<
Extravert-Introvert (EI) .23 .1
Sensing-Intuitive (Su) .23 .1
Thinking-Feeling (TF) .24 .1
Judging-Perceiving (JP) .30 .025

The results seem to indicate that a positive
relationship (correlation) exists between higher
performance and higher continuous 4BTI scores,
i.e., when teams are more I than E, more N than S,
etc., they perform better.

A question that surfaces is how good is good in
correlation. A rough rule-of-thumb for evaluatiny
the mac;nitude of a correlation coefficient is: "a
correlation that is less than 0.30 is small, a
correlation that is between 0.30 and 0.70 is
moderate, and a correlation that is between 0.70
and 0.90 is large...." It snould be added that
although such rules provide a guideline, they can
poe misleading in specific situations, One really
must know what is typical.2

Given the nature of this research, an

[rg > .30) was deemed worithy of beingy noted and
considered for future testing. On this basis, the
only relationship of siynificance occurred on the
JP dimension. However, when the means of the four




dimensions were sumed and correlated with
performance, a "collective" type emerged--a
critical and noteworthy "first"--that both
justifies and requires further testing:

El + Sii + TF + JP (canbined) .35 .01

A8TI Preferences and Acquisition

Results associated with the EI dimension are
explained by recalling the definitions of extravert
and 1introvert. Extraverts prefer processes in the
outer world of people and things. Introverts favor
work in the inner world of concepts and ideas.
Sixty percent of all team members were Introverts.
The acquisition process--particularly during the
early phases--exists on a conceptual plane. It is
not yet the real world of actual things and
people, but rather a future world of ideas ard
capaoilities to came. Hence, it is not surprising
that with such a large percentage of Introverts,
the EI dimension surfaces in a correlation that
predicts performance.

Sensing types (on the SN Dimension) are good at
gathering facts., However, Intuitives deal with
meaninys, relationships, and possibilities that are

peyond the reach of the senses. Again, the nature
of the acquisition process seems to demand the
natural propensity of the Intuitive toward dealing
with the abstract. Systems not yet in existence
are more difficult to "sense” for the Sensing type.
Consequently, Sensing types would be at a
disadvantage in this process. The results seem to
confim this,

Since the exercise is one of decision-making, the
TP dimension seems to be an appropriate one to
focus on. Thinking types like analysis and putting
things in logical order. They tend to decide
impersonally, sametimes pe;ing insufficient
attention to people's wishes; they are more
analytically oriented, The pure acquisition
process offers the textbook opportunity for
dispassionate analysis--a task befitting a Thinking
type. Over niiety percent of the participants in
the exercise were Thinking types. Consequently,
for exercises like this, one could theorize that in
a qroun of mostly Ts, perfommance would be
associated with a measure of the group's Thinking
dimension,

The relationship between team meuns on the

JP dimension had the highest correlation with
performance, but the cause and effect of this
relationship is not clea.. It seems to indicate
that teams with higher mean continuous scores,
i.e., tending more to Perceiving than Judging,
performed better on the exercise. One conclusion
implied fram these results is that there is a
greater tendency to explore alternatives among
teams with a preference for Perception rather than
Judying.3 An explicit conclusion is that they did
perforn samewhat better.

Performance and Diversity

Similarly, the standard deviations (s.d.) of
continuous /BTl scores for each team were
correlated with performance. The relationship of

team performance with this measure of team
dispersion on each of the MBTI dimensions is shown
pelow:

Extravert-Introvert (EI) -.24 .l

Sensing~-Intuitive (Sd) .35 .01
Thinking-Feeling (TF) -.33 .025
Judging-Perceiving (JP) -.07 -

The standard deviation of each tean's continuous
score was camputed to obtain the amount of
dispersion for each dimension. Three of the four
were negative, i.e., as the standard deviation
--tean dispersion--increased, performance
decreased., Said another way, as team members
became more alike on the EI and TF dimensions,
i.e., where scores clustered closer and closer to
the team mean, performance increased.4

Conversely, teams that had large amounts of
dispersion fram the team mean performed worse.
This suggests that group performance is influenced
by the mix of strengths on these MBTI dimensions.
Teans whose members displayed wide swings in
continuous scores on EI and ¥ seemed to have
performed less well.

One correlation was positive. As the standard
deviation of MBTI continuous scores on the SN
dimension increased, performance increased.
Despite several hypotheses derived fram observing
the data, no statistically significant conclusion
could be drawn that fully explains this
relationship.

CONCLUSIONS

The author acknowledges that there are limits to
this study: it was conducted in a specific
envirorment—the National Defense University, and
with a particular sample--military officers and
government executives. This is obviously a unique,
contextual group of people. Nonetheless, there are
extrapolations fram the data that raise serious
questions appropriate for continuing research. One
in particular relates directly to the program
office environment.

Many managers support the theory that heterogeneous
groups will produce more alternatives and better
quality decisions than homogeneous ones. They
acknowledge that, although groups with diverse
membership structure may expend more eneryy during
the formation process, the end product is enhanced
as a result of a group's diversity., Before 1
began this research, 1 concurred with this notion
(See Figure 3). But I don't any more, My results
simply don't support the idea that diverse working
groups are petter producers than hamogeneous ones.

It leads me to question assumptions about the
desirapnility of heterogeneous groups, and even
raises same interesting questions about group
decision making and perfommance. I'm suggesting
that managers ought to consider (1) Norman laier's
Principle 6, and then (2) my approach to the group
and how it might better function in the problem-
solving environment.

The "idea-getting" process should be
separated fram the "idea-evaluation"
process because the latter inhibits the




fomer. "Idea-evaluation" involves the
testing and the comparison of solutions
in the light of what is known, their
probapnility for succeeding, and other
practical considerations. It is the
practical side of problem solving and is
the phase of problem solving when
judgment is passed on solutions., "Idea-
getting" requires a willingness to break
fron past experience. It 1s this process
that requires an escape fram the bonds
of learning and denands that we search
for unusual approaches and entertain new
and untried 1ideas.5

Problem-solving: Two Phases

My research efforts suggest a samewhat similar
approach--that there should be two phases to the
group problem-solving process. The earlier is the
Diverging or "Brainstorming" segment, followed by a
Converging or "Implementation" phase (Figure 4).
The first occurs during Maier's "idea-getting"
stage, where people, according to my data, with one
or more of the following BTl preferences seemed
to contribute to vetter group performance:
Introversion, Intuition, Thinking, and Perceiving.

Requirements

Introspection/Reflection
Subjectivity
Diverg1in Innovation/Ideas
"Brainstorming" Creative Thinking
Doing things differently
Alternatives

Time

Discussion/Lnplementing
Oojectivity
Converyi Adaption
" Implemen on" Critical Thinking
Doing things better
Human consequences
Closure

.

Figure 4. BTI and Problem Solving

My experiment with 50 groups indicated that mininum
diversity among group members on the Introversion
and Thinking dimensions provides better results
early-on in the acquisition process. Additionally,
the strong influence of Intuitives and Perceiving
types aids in the innovation and creativity
required during the "diverging" portion of a
problem-solving scenario., This would apply to the
ad hoc or brainstorming group conducting a study or
searching for an idea or solution,

The "Implementation" phase is a different story.
During the Converging part of the problem-solving
process, a further extrapolation of the data
suggests that Extraversion, Sensing, Feeling, and
Judging preferences are better suited to the
requirements at this time., After the generation of
a number of ideas, there cames a time to shift to
"idea-evaluation" and closure.

R.M. B8elbin, the noted British business-tean
educator, concurs with this approach. He

advocates setting up two teams, oine to yenerate
ideas and the other to evaluate them.6 This
suggests using a pair of teams for problem-solving-
-a "first half" team made up of I, 4, T, and P 4BTI
preferences, followed by a team for the “second
half" camnprised of E, S, F, and J preferences. One
or two members might even "go 60 minutes" with both
teans so there would be a "corporate memory"
between the two.

SUMMARY

The dispersion (standard deviation)--rather than
the mean--of a group's cambined preferences appears
to be critical on certain #3TI dimensions.

Research concentrating on all four--means on sone
and variances on others--has the potential of
reawakening the homogeneous vs. heterogeneous group
debate, and the kinds of qroups that are most
produc :ive during various phases of proplem-
solving.

vhere is this type of small group research at? The
"concept exploration" phase of the project is over,
and the first "gqual test" in D/V has peen
accamplished, wWhat's required now is an
operational test of small work groups in a real P40
(or same other place having small work groups) to
further validate the concept and preliminary
findings.

The potential for this type research in the
acquisition community is enommous, primarily
because it's not been looked at in this way before.
It's a recognized fact that P4s want to get the
best out of their people, whether it's a special
working group or an ad hoc task force—-or just the
customary group interaction in the P40. This
concept has the possibility of peing one of those
forward-looking vehicles to enhance the critical
and productive use of manpower in the program
office,
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FOSTERING IMPROVEMENT IN THE QUALITY OF MANAGEMENT DATA
Brenda L. Stewart, U. S. Army Contracting Support Agency

ABSTRACT

The twelfth and final principle in the statement
of DoD Posture on Quality is: "Principles of
quality improvement must involve all personnel and
products, including the generation of products in
paper and data form." Improving the quality of
data has impertant implications for measuring
performance. To improve quality you must control
performance. Control of performance implies
measurement of performance. Accurate measurement
is needed for effective control. Based on the
experience of analysts in the U. S. Army
Contracting Support Agency during a recent project
involving four Army installation contracting
offices, it is apparent that significant
improvements must be made in the process of
originating, recording and analyzing contracting
workload and performance data.

Essential actions needed to improve the quality of
products in data form are:

-Standardizing definitions for data elements
ng measures of performance being used throughout

-Communicating standardized definitions to
all involved in the process of data generation,
processing and analysis

-Appropriate training at all levels to
educate personnel about the use of data and to
instill the importance of data accuracy

-Applying internal controls to provide
assurance of data quality

-Automating operations to the maximum extent
practicable

-Incorporating accuracy of records as an
element of performance standards and giving
systematic feedback on performance

INTRODUCTION

The fast pace of change in office technology and
the wider and quicker dissemination of information
has reinforced the requirement for data to be
correct. Today, data is being processed in
nanoseconds and shared with others by transmission
over telephone data lines at the rate of thousands
of characters per minute. The quality of data
available is critical to the quality of decisions
made by ever¥one from operating manager to top
executive. Ltver increasing demands make it more
fmportant than ever that time not be wasted

studying data that are inaccurate. Thus, it is
appropriate that the statement of DoD Posture on
Quality includes emphasis on improving the quality
of products in data form. According to the
twelfth and final ?rinciple in that statement:
"Principles of quality improvement must involve
all personnel and products, including the
?eneration of products in paper and data

orm.” (3) Improving the quality of data has
important implications for measuring performance.

THE PROBLEM

One important habit that consumers of nanagement
data must develop 1s tiiat of questioning the data.
Numbers and letters spawed from computers are not
guaranteed to be accurate. Based on input and
software, those data are subject to errors just as
calculations using pencil and paper are, People
must overcome the tendencz to give greater
credibility to data gust ecause they are
processed by a computer. If data do not make
sense, then they should be questioned until the
information has been validated no matter what
process created the numbers.

Questioning of data was a critical part of a
project the U.S. Army Contracting Support Agency
USACSA) recéntly concluded. That project was
esigned to increase the effectiveness and
efficiency of installation contracting by
developing prototype contracting offices. During
analysis of data collected, 1t was discovered
that the quality of existing data collection and
retrieval systems at the four sites selected for
the pro{oct was unacceptable. (USACSA analysts
collecting data from other offices have found

similar problems.) None of those offices had an
internal control system in place to assess the
accuracy of data entered on registers or into the
avtomated system, Consequently, the most time
consuming part of the project was the {terative
process of data collectfon, review, analysis and
correction.

The type of information collected for the project
included data on purchase requests received,
returned and awarded; procurement actions and
dollars awarded; procurement administrative lead
time and productivit{ . Data were stratified
using various characteristics of the actions such
as dollar value, type of procedures used
simplified purchase or other), type of purchase
supplies, services or constructionz. type of
solicitation {sealed bid or negotiated) and

whether or not full and open competition was

obtained.




During review and analysis of the data, errors
became apparent. Work reported to have been
received during the year remained unaccountable

at the end of the gear. Monthly calculations of
work on hand made by adding receipts to the
previous end-of-month balance and subtracting work
comEIeted or returned ¢id not equal the amount of
work reported to be on hand at the end of the
month. In addition, duplicate awards of purchase
requests were found among the records examined.

For analysis, classification of contracts as
supplies, services, or construction was based on
the FSC or Service Code assigned for the
Individual Contracting Action Report (Over
325.0002 (DD 350). Not all offices interpret the
coding instructions the same way. Family housing
maintenance was coded as services at one
instaliation and as construction at another. As
another example, leasing of vehicles was coded as
supplies by one office and as services by another.
Another classification problem arose because not
all offices use the same procurement instrument
identification numbering sgstem. Some adopted the
system established by the Defense Federal
Acquisition Supplement; others adapted it.

Most of the errors occurred in recording
dates--purchase request receipt dates,
solicitation issue dates, solicitation open/close
dates and award dates. Dates had been recorded
which indicated that awards were made before
purchase re,uests were received, solicitations
were opened/closed before purchase requests were
received, solicitations were opened/closed before
they were issued and awards were made before
solicitations were opened/closed.

Man-hour data collected to compute productivity
were sub%ect to misinterpretation. In some
offices TDY and training are included in
productive man-hours; at others, that time is
excluded. Some offices include holidays in
avafilable hours while others do not. Some offices
track time for supervisors, leaders, clerks and
¥urchasing agents separateiy but others do not.

o make valid comparisons, the analyst must
restructure the data.

Additional problems were noted in compiling data
for the Monthly Contracting Summary of Actions
$25,000 or Less (DD 1057% and the Individual
Contracting Action Report (Over SZS.OOO% (DD 35i).
Both of these reports are sources of data for the
Federal Procurement Data System. Error rates ar
consistently high and transactions go unreported.
Problems with submission of DD 1057 and 0D 350
data plague not only the Army but the Afr Force %
well. One of the six Blanche Witte Memorial
Awards for ]948 ?1ven by the National Contract
Management Association went to an Air Force
Headquarters Staff Procurement Analyst who
successfully attacked a major probiem with these
procurement reports. Betty O'Brien identified
significant data discrepancies in DD 350s and

DD 1057s resulting in errors affecting thousands
of procurement actions and involving tens of
millions of dollars. $1:22-23) Procedural
problems, inadequate internal controls and
inadequate training all contributed to these
errors. (2)

EFFECT OF ERRORS

In the area of installation contracting,
inaccurate data are giving a false picture of

historical workload, frustrating efforts to
document productivity improvements resulting from
automation and jeopardizing progress toward
securin? adequate staffing. An accurate data base
from which to measure the effect of changes
desi?ned to improve contractin? operations is

vi}a to documenting progress in acquisition
reform.

As use of current technology advances and data are
shared among more and more organizations, both the
importance of data accuracy and the adverse effect
of inaccurate data increase. As growing numbers
of systems are interfaced or integrated, the
introduction of inaccurate data at a single ?oint
can create major problems in other functiona
areas. The time and effort required to correct
errors in the various data bases and to track the
roducts produced from those data bases grows.
glimmer budgets coupled with greater demands are
compelling reasons to get it right the first time.

Some supervisors comment that they do not have
time to be concerned with keeping accurate records
and computing correct statistics on their work
because they are too busy doing it. They must
come to the understanding that accurately
accounting for and reporting the work being done
is an integral ?art of managing that work. To
improve the quality of work done under their
direction, supervisors must control performance.
Control of performance implies measurement of
performance. Accurate measurement is needed for
effective control.

REASONS FOR ERRORS

When an error in data is encountered, it is not
enou?h to just correct the information for that
particular instance. Someone must be responsible
for investigating the reason for the data
deficiency and assessing the probabilitg that
other data may also be incorrect. If the
inaccuracy is an indication of a systemic problenm,
then a plan must be put in place for improving the
accuracy of that data in the future.

Based on the work the USACSA did with the four
prototype offices, the most frequent reasons for
the errors in data were:

-lack of standardization of definitions or
unclear definitions for data elements and measures
of performance

-the requirement to transfer data from one
document to another

-poor work methods or procedures

-failure of those generating and processing
data to understand how they are affected by the
use of the data

-inadequate training in coding of data
elements

-inadequate validation and error detection
instructions in computer software

-lack of internal controls to insure data
accuracy

-failure to use accuracy of generated data as
an element in performance evaluation




Just as quality assurance provisions are
incorporated in th~ rocess of producing goods,
quality assurance should also be an integral part
of the system of data generation, processing and
analysis.

ACTION REQUIRED

Essential actions needed to improve the quality of
products ir data form include:

-Standardizing definitions for data elements
and measures of performance. Data elements and
measures such as receipt of a purchase request or
procurement work directive, award of that
requirement, and procurement administrative lead
time should be assigned standard definitions at
the highest level at which they are commonly used.
Standardization would make comparisons of work
done by similar organizations at different
agencies or de?artments easier, more accurate and
more meaningful.

-Communicating standardized definitions to
all involved in the process of data generation,
processing and analysis--from clerks to contract
specialists to analysts to managers. Just
Eublishin? standardized definitions is not enough.

veryone in the chain of command needs to be aware
of and thoroughly understand these definitions.
The USACSA analysts’ experience showed that even
the term "receipt of a purchase request" was
subject to different interpretations. Definitions
must be specific as to what to count, when to
count it and the source of the data. Each term of
a definition must also have a standard meaning.

-Appropriate training at all levals to
educate personnel about the use of data and to
instill the imﬁortance of data accuracz. People
need to know what is being done with the data they
generate and now it affects them and their
organization. For example, staffing standards use
workload data to determine the number of people
required to accomplish the assigned mission.
People should know what comprises that workload
data. They should also understand the effect of
of inaccurate data on the office.

-Applying internal controls which provide
assurance of data quality. Whether it is a review
bg someone other than the originator of the data,
checks and balances included in computer software
or statistical sampling on a regular basis,
internal controls are rieeded to provide assurance
of data quality. Carefully crafted controls can
save hours and dollars that would otherwise be
devoted to searching out and correcting erroneous
data. Internal controls can also prevent spending
time and money implementing decisions based on
faulty information.

-Automating operations to the maximum extent
practicable, with emphasis on source data
automation and insuring that accurate management
data are available from the automated system as a
by-product of normal processing. The greatest
practicable use of source data automation will
reduce opportunities for errors that result from
misreading input or transposing figures. 1In
addition, during computer systems design, care
should be taken to incorporate sufficient
validation and error detection techniques. A few
extra hours of thinking and pianning when
developing functional specifications can prevent
many of the errors currently existing in automated

data bases by catching at the pcint of eniry the
most common errors and requiring correction nf the
data before il is accepted by the system. For
example, software can include checks which prevent
acceptance of awards with dates earlier than the
date of receipt of the purchase request and
acceptance of awards dated prior to
openin?/closing of the solicitation. Conflicting
data elements relating to the classification of an
action as a sealed bid or negotiated procurement
can be identified and required to be resolved
before input is accepted for the file.
Incompatible combinations of codes can be
ident1fied and rejected before entr{. Posting of
award information to the wrong purchase request
record and accidental cancellation of purchase
requests or awards because of an error in input of
the control number can be greatly minimized by
requiring a match of some additional fields of
information such as stock number and vendor before
taking the requested action. In addition to
taking these actions to improve accuracy,
operating procedures should be designed to capture
the required management data in the normal course
of operations.

-Incorporating accuracy of records as an
element of performance standards and giving
systematic feedback on performance to all of those
involved with data generation, processing and
analysis. When the accuracy of records under the
control of a manager and his people become part of
the performance evaluation system, the quality of
data will improve. When accuracy of data becomes
important enough to measure, accurate recording
and reporting of data will be important enough to
do consistently. Systematic feedback is crucial
because people need to know how they are doing on
a regular basis. It is important to communicate
not only the assessment of their performance but
also their importance to the successful
accomplishment of the work done by the
organization. No matter what the level of the pay
scale for the individuals who are responsible for
original data entry, their contribution is most
important. [f they do their job right then those
further up the 1ine do not have to spend time
investigating and correcting erroneous data.

CONCLUSIONS AND SUMMARY

The experience of USACSA analysts on recent
projects and data available from other services
indicate that data bases for contracting contain
significant amounts of inaccurate information and
need improvement. Not only day-to-day management
but also accurate assessment of trends,
productivity and the success of procurement
reforms depends on the quality of information
available to analysts and managers. Increasing
demands and slimmer budgets are factors which
should spur actfon to make a quality assurance
program for management data a standard practice.
Accurate information is the ke{ te 1mproving
service to the customer and making the righ

decisions during the lean years DoD is facing.

Essential actions needed to improve the quality of
data include: standardizing definitions for data
elements and measures of performance,
communicating standardized definitions throughout
the chain, training, applying internal controls,
automating cperations, incorporating accuracy of
records as an element of performance standards and
giving systematic feedback on performance.
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MANAGEMENT OF OOMPLEX SYSTEMS

Henry C. Alberts Defense Systems Management College

ABSTRACT

This paper reports on the conduct and results of 8
workshops held between December 1987 and June 1989.
All the workshops examined the Defense Acquisition
Process, and explored mechanisms for its improvement.
Nominal Group Technique and Interpretive Modeling
methodologies were used to provide a disciplined
structure for the work. Included here are:

- summaries of workshops findings and recommend-
ations, (the data base);

- insights concerning DoD's complex acquisition
process and how it might be improved; and

= how workshop results might be used to study
camplex processes in general.

BACKGROUND

Each year, the Defense Systems Management College
(DSMC) usually offers two one week courses for senior
Technical Managers: The Technical Managers Advanced
Workshop (TMAW). T™MAW provides a means for senior
managers to focus on particularly difficult manage-
ment problems and develop suggested solutions.

Beginning in November of 1987 and continuing until
June 1989, a series of 9 workshops examined the
Defense Acquisition System in detail. Five workshops
were directed by the Undersecretary of Defense
(Acquisition) [USD(A)). The genesis for those work-
shops was a November 1987 directive to USD(A) from
the Deputy Secretary of Defense to conduct a Secret-~
arial Performance Review of Smart Mnitions Programs.
The review, held on 12 May 1988, concluded that there
appeared to be significant difficulties in meeting
program objectives. USD(A) tasked the Chairman of the
Defense Acquisition Board's Convent-ional Systems
Camittee (DAB-CSC) to develop a set of “aggressive
changes to the acquisition process which [would)
achieve a more effective Smart Munitions Program®.
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His memorandum to Military Department Service Acquis-
ition Bxecutives (SAE's) said:

"1 have tasked the Chairman of the Conventional
Systems committee to report back to me with
recommendations for aggressive changes in the smart
munitions acquisition process to insure a more
effective program, We must take action to identify
those factors which inhibit us from meeting
our...objectives,,.and develop realistic solutions
for near-term implementation and program improvement.
To this end, a series of workshops will be conducted
through the Defense Systems Management College
(DSOMC) and will require participation by selected
Program Managers, Deputy Program Managers, and
contractor Program Managers, These three-day
workshops will present a structured, disciplined, and
methodical approach to problem solving."

Four workshops were held fram 1 August to 29 Sept-
ember 1988. On 11 October 1988, a Task Force met to
review and consolidate workshop insights and recom-
mendations. The DAR met on 8 December 1988 and
adopted all the Task Force recommendations.

A special ™AW was (held fram 5-9 December 1988) to
assist OSD by examining potential consequences if the
DAB adopted the recommendations.

In March 1989, USD(A) directed his Principal Deputy
to implement the Task Force recammendations - and to
continue to search out feasible improvements to the
Defense Acquisition Program, But before any
significant actions were taken, the Undersecretary
and his Principal Deputy resigned their posts and a
significant period ensued during which neither post
was filled. Also during that period, the Congress
passed substantive legislation which materially
affected the Defense Acquisition System and those who
work within it. Because of s to both
legislation and requlation, 2 TMAW's held in May and
June of 1989 reexamined currently held perceptions of
inhibitors to meeting development program cbjectives




and the probable consequences of implementing the DAB
approved actions.

Table 1 provides a time line of events which occurred
throughout the period fram October 1987 through June
1989 that bear on work reportad here. Table 1 incl-
udes dates of each event; indicates the erent; and if
the event was a workshop, shows questions the work-
shop participants explored.

TABLE 1
SIGNIFICANT EVENTS

DATE EVENT
10/87 USD(A) DIRECTED TO QONDUCT REVIEN OF SMART
MUNITIONS PROGRAMS
11/87 TMAW88-1: DESCRIBE ACQUISITION PROCESS AND
INITIATIVES TO IMPROVE IT
05/88 SECRETARIAL PERFORMANCE REVIEW: SMART MUN-
MUNITIONS WORKSHOPS DIRECTED
08/88 | SMART MINITIONS ACQUISITIONS WORKSHOP:
ISSUES - RITICAL FACIURS INHIBITING MEET-
THRU ING COST AND SCHEDULE OBJECTIVES & OPTIONS
WHICH IF IMPLEMENTED WILL IMPROVE PROGRAM
09/88 | MANAGER PERFORMANCE
SMART MUNITIONS TASK FORCE WORKSHOP: REVIEW
& CRGANIZE WORKSHOP GENERATED OPTIONS; ASS-
10/88 IGN RESPONSIBILITIES TO GROUPS IN THE AQOQ-
UISITION
12/88 TMAWB9-1: CONSBEQUENCES OF SMART MUNITIONS
RECOMMENDAT IONS
12/88 | DAB MEETING: ADOPT SMART MUNITIONS TASK
FORCE REOOMMENDATIONS
03/89 USD(A) ASKS PRINCIPAL DEPUTY TO IMPLEMENT
DAB DECISION
05/89 | TMAW 89-3S: DESCRIBE ACQUISITION PROCESS &
INITIATIVES TO IMPROVE IT
06/89 | T™™AW 89-2: CONSBQUENCES OF IMPLEMENTING DAB
ACTIONS ™
THE DATA BASE
1. Methodology

The Defense acquisition process is very complex.

- It requires the integration of knowledge fram
a variety of disciplines and perspectives fram the
private, military, and public sectors of society.

- Weapon developments generally are undertaken
especially to obtain "gquantum improvements® to
"existing™ war fighting capability.

- Development activit.ies take place under sets
of laws and requlations severely restricting permit-
ted actions and methodologies.
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- Protection and promotion of the "public inter-
est" may give rise to possibe counterproduciive
practices.

- while commercial products can set narrow prod-
uct technical and support complexity limits, military
products may generate much more complex requirements
if they are to provide improved capabilities over a
wide range of uses.

- Use of standard commercial development
engineering methods may be severely limited by the
need accurately to estimate system cost when the
system is still unstructured and known only in
general tarms.

- The development process is characterized by
rapid changes in the basic elements constituent to
any ordered process - requirements, technology,
resources, and public perception.

As might be expected, managing such complex processes
requires special skills.

A major goal of Professors John Warfield, Alexander
Christakis, and David Keever has been to gain under-
standing of complex problems and to develop useful
methodology to solve them; working first at the
University of Virginia, and later at George Mason
University's Center for Interactive Management (GMU
CIM). In 1984, Christakis and Keever published “An
Overview of Interactive Magnagement " which described
the methodology, and the kinds of problems it can
address. That more cwplete methodological discussion
of generating structural understanding of complex
problems appears in Appendix I-3 of the Smart Munit-
ions Final Report. Christakis and Keever applied
Interactive Management techniques to many different
kinds of complex issues. Defense acquisition is one
example, GMU-CIM provided a structure for T™MAW 88-1,
all of the Smart Munitions workshops, the Task Force
Workshop, TMAW 89-1, and T™MAW 89-2,

Two proceedures are the basis for the process:
Nominal Group Technigue (NGT), and Interpretive
Structural Modeling (ISM). Figure 1 presents a time
line of the steps involved in generating group
perceptions of complex problems (NGT). Relationships
between groups of ideas were determined using the
process described by Figure 2. Referring first to
Figure 1: during all workshops

a. Problem or issue was “"The Defense
Aoquisition Process™;
b. Groups were the various TMAW and Smart
Munitions participants;
C. Trigger questions were as shown in Table 1
above;
d. 1deas were provided and are reported as
"data";
e, Facilitators during this work were
Christakis, Keever,
Margaret Fiori (a Research Associate member
of the GMU CIM), Gregory
Wierzbicki (Provost of the Defense Systems
Management College), and me.

Except for the Smart Munitions Task Force, (where the
ideas that were used in discussion were those gener-
ated by the previous Smart Munitions workshops),
ideas discussed were those of the group in session.
For the Task Force Workshop, ideas discussed were
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"clarified" by members of the groups which initially
generated them,

2. The Data
A. TMAW 88-1

As indicated in Table 1, TMAW 88-1 considered two
questions: "wWhat are descriptors of the acquisitior
work we do?"; and "What initiatives will foster/im-
prove the work we do in acquision?”

The first question provided some basis for analyzing
data from the 4 Smart Munitions Acquisition work-
shops. It provided a group perception of Program and
Technical Management functions. The second question
provided some actions which workshop participants
perceived could be taken tc improve acquisition
performance.

(1) What Managers Do - Nominal Group Technique
(NGT) was used to generate 74 statements, Partici-
pants then determined rankings for the 74 statements.
6 of the statements were felt to be most important.
Those 6 statements were used as primary cues to
generate 6 functional groups which contained all 74
statements. Interpretive Structural Mcdeling (ISM)
was then used to determine the order of difficulty of
the six functional groups.

Table 2 presents the total number of statements
within the group's total perceptionof the problem,
and lists those statements felt by the group to be
most important (in order of importance).

TABLE 2
TMAW 88-1 EVENT SEQUENCE AND STRUCTWRE

PERCEPTION OF WHAT PROGRAM MANAGERS DO

1st Step Generate a Total Problem Perception
NGT GENERATION OF 74 FUNCTIONAL STATEMENTS

2rd Step Select Most Important Elements
SELECT THE 6 MOST IMPCRTANT STATEMENTS

. Manage change
. Help assure needs are met

1
2
3. Manage 7 step system acquisition process
4
5

. Provide schedules
. Manage 0 deliver quality within
schedule and budget and at a profit
6. Assess and manage risk

Table 3 identities 6 functional groupings which
contain all 72 problem statements. The list is in the
order of perceived importance with the two groups
thought to be of equal importance are shown as groups
23, and 2B. The number of statements included in each
group is also shown.

(2) what can be done to help improve
Program Manager perfonaance - Having generated the
dimensions of the problem, the group was asked o
generate ideas which might improve program manager
performance. 80 initiatives were pr N
statements were selected which described the most
important ideas. Tarle 4 summarizes the grouwp
perception of the most important initiatives within
the 80 developed by the participants.
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TABLE 3
TMAW 88-1 EVENT SEQUENCE AND STRUCTIRE

Step 3 Determine Functional Groupings
FUNCTIONAL CATHGORIES (INCLUDES ALL 72 STATEMENTS
IN CRDER OF IMPORTANCE

1. LEADERSHIP (20)
2A. RBEQUIREMENTS DEFINITION AND TBCHNICAL (12)
PROPOSALS
2B. RESOURCING (EXTERNAL FOCUS) (16)
PROGRAM EXBECUTION (ﬂ;
(

3
4 PLAN AND PROGRAM (INTERNAL FOCUS)
5

FOREIGN MILITARY SALES (1)

TABLE 4
TMAW 88-1 MOST IMPORTANT INITIATIVES

INITIATIVES TO IMPROVE PROGRAM MANAGERS PERFORMANCE

Generate a Total Solution Space
NGT GENERATION OF 80 FUNCTIONAL STATEMENTS

Select Most Important Initiatives
SELECT THE 7 MOST IMPORTANT STATEMENTS
1. Give PM authority approprate to responsibility
2. Rationalize our organizational structure
3, Stabilize program resourcing
4. Have a value added gate for new legislation
5. Simplify acquisition rules
6. Prioritize programs, cut the ones you can't
afford
7. Improve quality of threat projection

ISM techniques provided the structural map shown as
Figure 3. Figure 3 indicates two critical junctions
in the solution space structure: “"create a more
capable” work force, and, "must stabilize program
resources”,

Insights gained in TMAW 88-1 about tasks of program
management and initiatives which miglt improve the
acquisition process, provided the basis for
structuring Smart Munitions Acquisition Improvement
Program (SMAIP) workshops.

B. SMART MUNITIONS ACQUISITION IMPROVEMENT
WORKSHOPS

The four Smart Munitions Acquisition Improvement
Workshops provided a broad range of suggested
acquisition improvements, Participants responded to
the mame trigger questions asked of TMAW 88-1
participants. The four workshops generated a total of
285 perceived inhibitors; and 265 suggested
improvement initiatives. Table 5 lists inhibitors the
parcticipants felt to be most important, Table 6 lists
the iniatives,

Following TMAW 88-1 procedures, participants used the
statements in Table 6 to group all statements under
major headings. Those headings, with the number of
initiatives they include, appear in Table 7. Duriny
the grouping process, some statements were combined
with others. Table 7 indicates original numbers of
statements produced and the number which survived the

grouping.




FIGIRE 3
SUPPORT STRUCTURE OF INITIATIVES TO IMPROVE TECHNICAL MANAGER ACQUISITION WORK

TABLE 5
SMART MUNITIONS ACQUISITION IMPROVEMENT PROGRAM
QONSOLIDATED LIST OF INHIBITORS TO MEETING COST AND
SCHEDULE OBJECTIVES

TOTAL OF SMAIP INHIBITOR STATEMENTS = 285

AIR~TO-SURFACE: TOTAL 83
1, Dilution of Program Managers authority
2. Year-to-year instabilities to budget and proc-
urement quantities
3. Changing requirements
4, Unrealistic program plans/schedules and assoc-
iated funding profiles
5. Micro-management at all levels of oversight
SIRFACE-TO-SIRFACE: TOTAL 78
1, Inability to lock in the requirements
2, Lack of program funding stabilicy
3. Too many inhibitors outside the control of the
Program Manager
4, Government Program Managers canncot control
programs
5. Lack of adequate engineering discipline during
all program phases
Lack of adequate Program Manager staff and
motivating factors to maintain them

o

15

v .8 SOEED
Y P LB S,
=1
. reor 4 s

& E—— B o e MRAM
Wi s s m
ST PG e
e o e——
. -

# BN W MY - A -

O TR e B o -

Wl D B Y ol LD ————1

_--"__—'.1 o wom

——r1}

& mumCE v

& DR DO o o

E’_’," AU B ST O

AT T -

- SIGNIFIC: NTLY SUPPORTS®

r—— —

TABLE 5 (CONTINUED)
SMART MUNITIONS AOQUISITION IMPROVEMENT PROGRAM
CONSOLIDATED LIST OF INHIBITORS TO MEETING COST AND
SCHEDULE OBJECTIVES

SURFACE-TO-AIR/ASW: TOTAL 58
1. Lack of regulation and historical approach
cleansing
2. Lack of consistent budget for planning purpose
3. Changes in policy and specifications
4. Existance of extensive special interest bur-
eaucracy within the acquisition infrastructure
AIR-TO-AIR/ASW: TOTAL 66
1, Poorly defined and changiny technical requir-
ements
2, Misestimation of technical difficulties
3. Lack of Program Managers flexibility (agility)
to deal with change
4. Instability of DoD and Congressional support
for programs
5. Annual production budget fluctuations leading
to bath tubs and gaps

6. Illogical competition




TABLE 7
SMART MUNITIONS ACQUISITION IMPROVEMENT PROGRAM
CQONSOLIDATED LISTING OF MAJOR GROUPING OF INITIATIVES
WHICH HELP MEET COST AND SCHEDULE OBJECTIVES

TABLE 6

SMART MUNITIONS ACQUISITION IMPROVEMENT PROGRAM AIR~-TO-SURFACE: 83 --> 78
QONSOLIDATED LISTING OF INITIATIVES TO MEET QOST AND 1. ACQUISITION EXECUTIVE RESPONSIBILITY 23
SCHEDULE OBJECTIVES 2. LAWS 6
3. INDEPENDENT TEST AND EVALUATION 5
4. PROGRAM STABILITY 13
TOTAL OF SMAIP INITIATIVE STATEMENTS = 265 5. PROGRAM MANAGER AUTHORITY 6
6. PROGRAM FLEXIBILITY 10
AIR-TO-SIRFACE: TOTAL 83 7. INNOVATION 13

1. Establish policy to strengthen acquisition 8. COSTING IMPROVEMENTS 4
functions within the services and DoD 9. TEAMACRK 2

2. Baseline and commit to long term financing SIRFACE-TO-SUIRFACE: 67 —> 65

3. Streamline Program Managers reporting to ser- 1. POLICIES 10
vice acquisition executive 2. USER INVOLVEMENT 7

4. Authorize Program Managers funding flexibility 3. STRATEGIC PLAN 8
and real-time tradeoffs 4. PROGRAMMATICS 6

SURFACE-TO-SURFACE: TOTAL 67 5. PROGRAM MANAGER AUTHORITY 8

1. Establish P31 programs early in FSD to address 6. ORGANIZATIOAL STRUCTURE 6
desired requirements (high risk) outside the 7. BASELINE PROGRAM ) 13
scope of baseline program 8. QUALIFICATION AND TRAINING 6

2. Establish funding requirements to match pro- 9. PARTICIPATIVE PROBLEM SOLVING 1
gram requirements and maintain stability SURFACE-TO-AIR/ASW: 57 —> 53

3. Assure Program Manager authority is commensu- 1. MISSION AND PROGRAM DEFINITION 6
rate with responsibility 2, CONTROL PROCEDURES 11

4. Generate a delegation of authority statement 3. BUDGET STABILITY 5
for each Program Manager; and sign it by the 4. OVERSIGHT 9
Program Manager, the acquisition executive and S. AUTHORITY 9
the supporting arganization chief 6. STAFFING 10

5. Make program management a career track within 7. JUSTIFICATION 2
the services 8. GOVERNMENT ROLE 1

SURFACE-TO-AIR/ASW: TOTAL 57 AII-;-’IO-AIR/W 58 s—> 52 ;

1, Improve Program Manager and program management + GLOBAL CONCERN.
staff training and experience to develop a 2. PROGRAM MANAGER AUTHORITY 10
professional acquisition corps 3. STAFFING 5

2. Provide Program Manager authority over sup- 4. PROGRAM STABILITY 11
porting agencies 5. PROGRAM PRICRITIZATION 2

3. Encourage Congress, OSD, and the services to 6. REVIEWS AND AUDITS 7
establish program budgets for phases 7. ACCOUNTABILITY 6

4. Inmplement a plan for selected programs that 8. TECHNOLOGY BASE 1
will allow the Program Manager to select/ 9. TOOLS 1
challenge the policies and regulations apply-
ing to that program

5. Establish a success measurement plan (who, C. SMART MUNITIONS ACQUISITION IMPROVEMENT
what, how) TASK FORCE

AIR-TO-AIR/ASW: TOTAL 53 ' '

1. Establish approval authority, responsibility, The task force function was to review the workshop
and resources lower in the organization, i.e., output, consolidate workshop ideas, and develop an
into the services implementable set of action projects. To help begin

2. Stabilize requirements and budgets that work the DoD Program Officer, Tony Melita, met

3. Give program manager more authority commensur- with me to devise a list of "Project Areas" which we
ate with his responsibility over the destiny thought could provide headings for grouping all
of the program workshop 1n1t1at§ves. The Task Force adopted them and

4. Establish high level controls to approve init- used them in their review of 248 surviving
iation of and establish ment of bounds to initiatives developed by the workshops. Workshop
audit ‘activities product integrity was preserved by having workshop

5. Require ROI considerations in decicions to representatives at task force deliberations to answer
compete (e.g. methodology) questions about the "meaning” or "context” of an

inhibitor.

The task force focused on three "Project Areas" which
contained almost half of the initiatives. Table 8
lists each "Project Area®, the number of SMAIP
workshop initiatives in each of them, and the number
of initiatives created by the task force to represent
workshop ideas.

Tables 3 through 7 demonstrate the breadth of
perspective about both inhibitors to conducting
acquisition programs on time and within budget, and
initiatives which might improwve the situation.
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TABLE 8
SMART MUNITIONS TASK FORCE PROJECTS AND NUMBER OF
INITIATIVES INCLUDED

INCLUDED INITIATIVES
WORX PROJECT TITLE WORKSHOP TASK FORCE

PROGRAM MANAGER AUTHORITY 60 14
BUDGETARY CONSIDERATIONS 40 6
REQUIREMENTS 21 9
TESTING - -

PROVEMENTS 127
& CAREERS WORKSHOP

MEAS(RES OF SUCCESS INITIATIVES
SCOPE OF GOVERNMENT ACTIVITY
AUDIT ACTIVITIES STILL TO BE
SPECIFICATION TAILORING
PROGRAM STABILITY ASSIGNED
STAFFING
OTHER OONCERNS = =

The Chairman of the Defense Acquisition Board's
Conventional Systems Committee (DAM-CSC) decided to
recommend 8 initiatives to th» DAB for implement-
ation, Four fell within the Program Manager Authority
Work Program; three within the Budgetary Consider-
ations Work Program; and one within the Requirements
Work Program.

(1) Program Manager Authority Initiatives

(a) DEMAND THE SAE TO EXERT SIRONG MANAGEMENT
QONTROL OVER ACQUISITION ORGANIZATION

Issue: Existance of adversarial relationships
ill-defined organizational lines of author-
ity. Too many layers/special interests.

Action: DAE should meet with the SAEs and dir-
ect them to set up the PM-PBO-SAE-DAE
structure. No layers between. Rating re-
flects structure. Notify all others to
support role.

(b) ISSUE ALL ACQUISITION DOCUMENTATION FROM
DAE/SAE DIRECTLY TO PEOs/PMs.

Issue: Insufficient DAE/SAE involvement in
acquisition documentation and an inordinate
amount of time for distibution/implement-
ation,

Action: SECDEF to direct that all changes in
acquisition documentation be concurred in/
issued by the DAE/SAE and implementation be
directed fram that point.

(c) IMPLEMENT A PROCESS THAT ALLOWS THE PM TO
CHALLENGE POLICY, DIRECTIVES REQUIRED BUT
NOT IN THE BEST INTERESTS OF HIS PROGRAM.,

Issue: Lack of PM flexibility to challenge
policy/directives/requlations etc.

Action: 0SD/Services evaluate the "Model
Installations Program” and "2ilot Contract-
ing Program®. Propose modified plan to CSC
for review. Report back to the CSC by 24
Feb 89 with findings.

(d) SAE RESOLVES PROGRAM QOST/SCHEDULE IMPACT
IN RESPONSE TO AOQQUISITION CHANGES AT TIME
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OF IMPLEMENTATION

Issue: Lack of up-front understanding of
cost/schedule impact of acquisition change.

Action: Augment DoD 5000.1 to require an
implementation plan for all acquisition
changes imposed on a program after program
baseline/initiation. Plan should identify
cost and schedule impact, tradeoffs, res-
ource requirements, etc.

(2) Budgetary Consideration Initiatives

(a) ENHANCE EXISTING QOST/SCHEDULE/PERFORMANCE
ESTIMATING METAODOLOGIES TO SUPPORT
PROGRAM/BUDGEI' DEVELOPMENT.

Issue: Inadequate R&D cost estimating
methods/models used to forecast todays's
complex munitions systems cost/schedule.

Action: The cost analysis improvement group
(CAIG), with support from services and
industry cost estimators should identify
existing methodologies and evaluate for
aequacy. If deficient, provide a plan for
improvement. Report back to the CSC by 24
Feb 89 with findings.

(b) REQUIRE SOME LEVEL OF RISK FUNDING ON
PROGRAMS AT A LEVEL OOMMENSIRATE WITH THE
DEVELOPMENT RISK.

Issue: Insufficient/non-existent management
reserves to deal with risk.,

Action: Services review RR 70-6 (TRACE) for
adequacy. If deficient, provide recommend-
ations for improvement. Report back to CSC
by 24 Feb 89 with findings.

(c) REQUIRE ALL COMPTROLLER ADJUSTMENTS TO
PROGRAM BUDGETS ARE COORDINATED IN ADVANCE
WITH DAE/SAE AND CONSIDERPMS ASSESSMENT OF
QOST/SCHEDULE/PERFORMANCE IMPACTS .

Issue: Unilateral removal/taxing of program
funding by DOD/Service Camptrollers.

Action: OSD prepare a DoD policy statement and
implementing directive for realigning OSD
and Service Camptroller procedures to acc-
amodate acquisition executive approval on
all proposed funding adjustments to smart
munitions programs. USD(A) meet with ASD(C)
during transition period and discuss div-
ision of labor and procedures.

(3) Requirements Initiatives

(a) DEFINE CRITICAL PROGRAM REQUIREMENTS AND
MAKE, ALL OTHER RBEQUIREMENTS APPLICABLE AS A
FUNCTION OF QOST/SCHEDULE/BENEFIT.

Issue: Lack of prioritization/understanding
of system requirements.

Action: Services issue policy statement and
implemeniting directive to make draft RFPs
mandacory. Conduct draft RFP industry con-
ferences and pre-proposal conferences to
facilitate discussion/understanding of the
requirements. SAES report to DAE by 27 Jan
89 with status.

All recommendations presented to the DAB on 8
December 1988 were approved by the DAB and their
implementation directed by USD(A).




D. TMAW 89-1

TMAW 89-1 was held specifically to develop some
forwarning about what might happen if the DAB
approved the recammendations made on 8 December; (in
fact, the results of TMAW 89-1 were briefed to Tony
Melita the day prior to his DAB briefing). The
question "what are anticipated consequences from the
implementation of the DAB package?" was considered.
Participants were asked to consider all 8
recommendations and make their comments on any or all
of them. 69 potential consequences were developed.
The most important consequences, by category, were:

(1) Program Managers' Authority: (20 consequence
statements developed)

(a) Increased adversarial relationships as
players and organizations are reduced.

(b) SAEs will have to create a large, know-
ledgeable staff to handle his new respon-
sibilities.

(c) A strengthened DAE/SAE role.

(d) Increase PM's ability to match resources
and requirements.

(2) Budgetary Considerations: (3l consequence
statements developed)

(a) Identification of risk funding as "Risk
Funding” gives visibility for funding
reduction,

Will provide more stable program.

Contribute to Prioritization of defense

requirements.,

May cause government to re-examine PPBS

process for improvement and create a team

approach to solving budget/program issues.

Could increase Congressional and Public

trust and respect for defense budget and

procurement system and lead to stronger

support of defense

programs.

(f) Risk funding would be interpreted as a
slush fund by Congress and taken away.

(b)
(c)

(@)

(e)

(3) Requirements: (18 consequence statemenrts
developed)

(a) Appropriate use of draft RFPs will further
slow down the contracting process.

(b) Increase Congressional confidence in the
integrity of the requirements process in
defense systems acquisition.

(c) Implumentation action may not. resolve the
entire issue/statement.

Once again, participants were asked to group all
statements within "consequence categories®, and to
determine the relative importance of each category.
Table 9 lists the categories and the number of
consequences in each of them, Several categories were
considered to be of equal relative strength. That
relationship is preserved by using upper case letters
after the number to indicate strength level (e.q.,
2A, 2B, etc).

In constructing the consequence categories, same
potential consequences were felt to apply to more
than one category. For that reason, the numbers
within all consequence categories in Table 9 total to
85 rather than 69, the number of statements
developed by the participants,
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TABLE 9
TMAW 89-1 OONSEQUENCE CATEGORIES WHICH INCLUDE ALL 69
STATEMENTS* LISTED IN CRDER OF IMPORTANCE

1 DOD/SERVICE QRGANIZATIONAL IMPACT 13
2 (REDIBILITY (10)
3A M IMPACT (12)
3B USER IMPACT (8)
4A IMPACTS OF RISK FUNDING (12)
4B [RAFT RFPS (11)
4C BUDGETING (8)

N
(4)

5 OONTRACTOR IMPACT
6 BUSINESS AS USUAL

* Same consequences applied to more than one con-
sequence category.

The grouo developed more negative than positive
consequences. Their consensus opinions advised great
care in thinking through all potential ramifications
of change well in advance of their institutionaliz-
ation,

E. ™AW 89-3S

™AW 89-3S was held at the University of Arizona
Interactive Management Center during the week of 22
April 1989. Much had during the period
between December 1287 and April 1989: Key Defense
personnel changes had occurred; there was consider-
able public discussion about initiatives begun by
USD(A) in total quality management, streamlining,
competition, and concurrent engineering; and 18
months had passed since the first examination of
characteristics of the acquisition process in TMAW
88-1. It was decided that re-examination of the
question "What are the inhibitors to your meeting
cost and schedule objectives?" would provide another
data point about the changing dimensions of the
problem,

The group developed 65 inhibitors to program managers
meeting cost and schedule objectives. Table 10
presents the 7 inhibitors thought most important.

TABLE 10
TMAW 89-3S MOST IMPCRTANT INHIBITORS

NGT GENERATION OF 65 FUNCTIONAL STATEMENTS

SELECTED THE 7 MOST IMPORTANT STATEMENTS

1 Acquisition process forces unrealistic cost and
schedule submissions

2 Yearly budgeting/funding prevents stability

3 lack of discipline by the Services i require-
ments determination

4 Attracting and keeping top personnel in Govern-
ment

5 Umwillingness to relieve established require-
ments

6 Government-Industry coordination too late for
cost/requirement options

7 Failure to pramote and support acquisition
streamlining

Again, clusters were developed and the inhibitors
grouped within them. Table 11 presents the cluster




groups. While most inhibitor statements easily fit
within one of the 6 focused statements, a group of 8
statements were sufficiently different to warrant
their grouping into a "miscellaneous” cluster.

TABLE 11
TMAW 89-3S CLUSTER CATBEGORIES WHICH INCLUDE ALL 65
STATEMENTS LISTED IN ORDER OF IMPORTANCE

UMREALISTIC QOST AND SCHEDULE SUBMISSION 12

INAPPROPRIATE REQUIREMENTS DETERMINATION 14

LACK OF EFFECTIVE LEADERSHIP 13

EXCESSIVE AND PERJORATIVE OVERSIGHT SYSTEM 7

INDUSTRIAL BASE EROSION DUE TO LACK OF 6
INVESTMENT INCENTIVES

LACK OF APPROPRTATE DESIGN PROCESS AND ENV- 5
IRONMENT

UNASSIGNED 8

An alternative methodology was used to determine
relationships between cluster groupings. The question
was asked, "Does the inhibitor set in Cluster A
exacerbate the proplems of inhibitor set B?". The
result of asking that question for all possible
comparison permutations appears as Table 12.

TABLE 12
TMAW 89-3S STRUCTURAL MAP OF INHIBITOR CLUSTERS IN
MATRIX FORMAT
DOES | |
CLUSTER—>EXACERBATE THE PROBLEMS OF-—-->CLUSTER #
4 1]2}3]4|5]6
“"- =|mxs|=|=
CIRRENT AQQUISITION PROCESS
1 FORCES UNREALISTIC COST AND Y|N|NjY|N
SCHEDULE REQUIREMENTS
INAPPROPRIATE REQUIREMENTS
2 DETERMINATION Y] |N|Y|Y|N
3 | LACK OF EFFECTIVE LEADERSHIP |Y|Y| |Y|Y|N
EXCESSIVE AND PERJORATIVE
4 OVERSIGHT SYSTEM Y|Y|Y| |Y|N
INDUSTRIAL BASE FROSION DUE
5 TO LACK OF INVESTMENT INCEN- |N|N|N|Nj |N
LACK OF APFROPRIATE DESIGN
6 PROCESS AND ENVIRONMENT YIY|{N|=|Y

Table 12 reveals that in the groups opinion:

- Clusters 3 (Lack of Effective Leadership) and
4 (Excessive and perjorative oversight system)
exacerbated problems described in all other clusters
except Cluster 6 (Lack of appropriate design process
and environment).

- Cluster 6 (Lack of appropriate design process
and environment) exacerbated problems described in
Clusters 2 (Inappropriate requirements determination)
and 5 (Industrial base erosion due to lack of
investment incentives)

- Cluster 2 (Inappropriate requirements
determination) exacerbated problems described in
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Clusters 1 (Current acquisition process forces
unrealistic cost and schedule requirements), 4
(Excessive and perjorative Oversight system) and 5
(Industrial Base erosion)

In addition, Table 12 indictes several instances of
mutual exacerbation: e.g., Cluster 2 exacerbates
problems in Cluster 1 and Cluster 1 exacerbates
problems in Cluster 2.

The results of THAW 89-3s indicated that there had
been few changes in participants perceptions about
the inhibitors to program manager performance during
the period between November 1987 and April 1989.

The Arizona facilities made it possible to examine
initiatives differentiy. Participants generated 93
initiatives which they felt were options for
overcoming inhibitors. Participants were then asked
to state how useful each initiative would be in
overcoming the problems grouped within each inhibitor
cluster, Major linkages developed were:

(1) For cluster #l: Current acquisition process
forces unrealistic ocost and schedule sub-
missions.

(a) Develop new cost estimation methodologies.

(b) Develop approaches to establishing program
requirements as early as possible.

(c) Congress should implement two year authori-
zation and appropriation.

(d) Provide more realistic contract selection.

(2) For cluster #2: Inappropriate requirements
submi ssions.

(a) Develop approaches to establishing program
requirements as early as possible.

(b) Requirement specification should occur in
properly designed environments*.

(3) For cluster #3: Lack of effective leader-
ship.

(a) Provide consistent leadership in the
acquisition system.

(b) Provide training on the aoquisition process
at all levels.

(4) For cluster #4: Excessive and perjorative
oversight system,

(a) Tailor overview and oversight activities to
be cost-effective

(b) Apply appropriate disbarment and suspension
penalties.

(¢) Put DCAA under USD(A).

(d) Encourage self-governance of defense indus-
try through DII principles.

(e) Pramote understanding of how learning
depends on freedam to err.

(5) For cluster #5: Industrial base erosion due
to lack of investment incentives,

(a) Moodify the tax code with regard to facil-
ities and equipment capitalization

(b) Acknowledge defense industry characterized
by low return on investment.

(c) Pramote export of U.S. defense products to
maintain base, improve trade balance, etc.

* An environment similar to that at the GMU-CIM which
provides for group concentration - and surroundings
comfortable but not soporific.




(6) Far cluster #6: Lack of appropriate design
process and environment.

(a) Requirement specifications should occur in
properly designed environments.

(b) Require full systems engineering approach
throughout programs.

(¢) Teach projram managers end students the new
science of generic design.

The perception of acquisition problems and the
solutions proposed in TMAW 89-3S while closely
resembling the fundings of TMAW 88-1 and the Smnar*
Munitions Acquisition Program Workshops were somewhat
different in thrust and breadth.

F. TMAW 89-2

T™MP! B89-2 revisited the issue of predicted conse-
quences fram initiating the 8 DAB approved actions.
As before, NGT was used to generate consequence
statements.

A total of 78 consequence statements were developed.
Table 13 lists the 9 headings and the numbers of
consequence statements in each of them. TMAW 89-2
provided a different perception of implementation
consequences than TMAWN 88-2,

TABLE 13
TMAW 89-2 CONSBQUENCE CATBGORIES WHICH INCLWDE ALL
78 STATEMENTS*
A PERSONNEL (HUMAN RESO(RCES) (1)
B PROGRAMMATICS (20)
C IONG TERM IMPACT (NEWROSIS) (14)
D MIX OF CLASS 1 AND II SOLUTIONS (@)
E FUNCTIONARY (OVERSIGHT IMPACTS) (8
F TRANSITION FROM PM TO MAJOOM LOG MGMT (1)
G [DOD/SERVICE BUDGET (14)
H RESISTANCE OF NAVY & AF TO AR70-6 ( 4)
I CRGANIZATION (11)
* Sare consequences applied to more than one
consequence category.

ANALYSIS AND CONCLUSIONS

The data indicate that process perceptions of camplex
problems change over time, I have defined two dimen-
sions for change: soope and depth of understanding.

a. Socope means the area of ideas within the
problem boundary. It measures how many elements are
to be contained within a problem definition. When the
"scope” of manufacturing processes was defined in
terms only of the steps used to turn raw materials
into finished products, the range of problems invol-
ved within that scgpe excluded environmental impact,
worker health and safety, mandated accounting prac-
tices, and many other concerns which today are
included within the "scope" of such processes. As the
scope of concern broadens, potential interactions
between the many additional elements increase

exponentially.

Not only does problem scope change over time,
but the emphasis on particular elements within the
scope also changes. At one point in time, there is
great concern over environmental impacts of certain
processes, at another, there is less concern for that
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series of problems than there is for worker health
and safety.

To some greater or lesser extent, the scope
of a problem and the emphasis placed on elements
within it is shaped by external (i.e. Congress) as
well as internal (DoD, Services) forces, Concerned
persons may or many not understand either the prob-
lems they perceive as "real", or the relationships
between the p-ocess and the problems.

b. Derch of understanding describes the degree
to which all elements within the problem scope can be
defined; both in terms of their own character-istics,
and also in terms of their interactions with all
other elements. Jt is a measure of how well we can
predict the effects of changing something in one
elem:nt and the effect that change will have on all
other elements included within the same scope of a
problem,

Knowledge of cause and effect (whether
derived deterministically or inferred statistically)
changes over time. The understanding of interactions
between elements of a problem grows (or becomes less
certain) as new knowledge is generated.

It does not matter whether new knowledge is
"real® or "imagined”. To a great extent, group
perceptions of reality define what is "known" and
shape the courses of action taken to solve problems.
What is "known" is what is believed to be known! If
there is an error in understanding and that error is
urknown, actions taken which include those erroneous
relationships deform both the scope and depth of a
prablem,

Main, "depth" is affected by forces external
to the problem,

Within this concept, I think of problems as patterns
which constantly vary in size and shape; and charge
relationships between their components. With such a
perception, it becames crucial to understand the rate
at which change can take plice, and the dimensions of
possible change. In adliticn, there is no substitute
for the ability to predict when an additional element
will be added to the scope of a problem and the
degree to which its introducition will change scope,
depth, and velocity and type of pattern change.

Within that context the difficulties in reaching true
"solutions" to prablems should be more apparent. It
is almost like painting a picture when the

canvas is
- changing in size and shape at varying
rates,
- moving in space at changing rates of
’

colors are
- mixing in unknown and/or unpredictable
ways,
- changing their brightness and tone

artists (more than one) are
- each painting on the canvas to their own
vision of the scene,
- changing their vision as the patterr of
the painting changes!




Such a painting would resemble pictures within a
kalidascope: same scenas will be coherent and
recognizable; other pictures will be surreal.

Over the cours» of 18 months, the perception of the
prablems inherent in our Defense acquisition system
has changed; and there have been elements added to
the problem in the form of Congressional legislation
and internal DoD regulation. Public opinion, working
through the media, have caused us to react to focus
attention on particular difficulties. In turn, our
actions have changed the problem.

Given this perception of complex problems, it is
necessary to ask whether there are such things as
"solutions"? The desire is to answer "“yes"! If there
are no possible solutions for complex problems, how
are we ever to alleviate the difficulties we perceive
and create a better mileu?

In fact, we do deal with prablems - and we achieve
change in directions we want to go. But those effects
are transient because the problem is changing even as
we apply the solution, and in fact partly because

we apply it! To be effective, our solutions must be

- timely! (an idea whose time has came - applied
in time to do same good)

- acoeptable! (perceived to be a good solution
by those concerned)

limited! (treating all elements of concern,
not necessarily all elements)

flexible! (have the capacity to accamodate a
range of change)

Solutions need constant change too. Perhaps the most
favorable situation would find solutions which would
themselves adapt in lock step with the changing
problem. Solutions having such characteristics may be
difficult to institutionalize., The time constant of
change for institutions is longer than the time
constant of change for problems,

In short: this program of research points to several
conclusions:

1. Permanent solutions to camplex problems are
unlikely.

2. Problem :olutions ahould change at (or nearly
at) the pace of change in problem perception

3. Institutionalizing problem solutions may tend
to create new problems.
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Dealing with camplexity is a full time occupation -
for individuals who have a liking for adventure!
Their challenge, and ours, is to understand that
treating camplex problems requires skills not unlike
those of artists, designers, and other such kinds of
people. Our educational process needs to help develop
such people; and our oversight process needs to
provide an environment where they can apply their
talents. Neither their task nor ours is simple
because we all live in an arena of great complexity -
the modern world,
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Management college, Fort Belvoir, Virginia 22060,
June 1989

(6) "Special Seminar on Consequences of Acquisition
Changes Proposed to the Defense Acquisition Board
{TMAW 89-2)", Reported by Henry C. Alberts (DSMC),
Alexander N. Christakis (GMU-CIM), Margaret A. Fiore
(GMU-CIM), Defense Systems Management College, Fort
Belvoir, Virginia 22060, August 1989
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ABSTRACT

In the report to the President on Defense
Acquisition by the President’s Blue Ribbon
Commission on Defense Management, April 1986,
several successful commercial programs were
reviewed to identify management features that
could hold promise for effective integration
into the Defense Acquisition process. Not so
well published have been some of the commercial
projects that have had extrauordinary problems.
The Energy Industry has had its share of prob-
lems in the management of design, engineering,
and construction projects.

In this paper 1 will examine the strategic
context of projects and how project "failure"
is linked to strategic fajilure in the
organization. This examination will be taken
vrimarily from the perspective of several large
commercial energy projects and will include a
review of the project strategic issues and
proiect stakeholders. In addition, T will
conclude by presenting some caveats to guide
senior managers in their strategic surveillance
of their ongoing projects.

PROBLEM PROJECTS

In the energy industry there have been some
dramatic project shortcomings - projects that
have had serious cost and schedule overruns.

In most cases these shortcomings were caused in
large part by a leadership failure on the part
of the corporate managers who failed to provide
for the design and implementation of contempo-
raneous project management techniques and pro-
cesses by the project teams. The Trans-Alaska
Pipeline System (TAPS), the Washington Public
Power Supply System (WPPSS), the Shoreham
Project, and the Diablo Canyon Project all
suffered from the lack of senior management
involvement during the planning for and exe-
cution of the projects. Inadequate planning,
failure to use contemporaneous project manage-
ment tools and techniques, improper
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organizational design, indifference and neglect
in maintaining ongoing surveillance of the
projects, and the lack of a corporate culture
to encourage excellence in managing projects
all contributed to project failures that
resulted in "imprudent and unreasonable” use
and loss of corporate resources involving
billions of dollars. In all these projects the
lack of concern by the senior managers contri-
buted significantly to the creation and propa-
gation of a corporate culture which did not
demand excellence and quality in the management
of the projects.

The lack of attention of the senior managers,
reflecting a pattern of inactivity and of
ignorance concerning the problems and threats
that buffeted these projects, contributed in a
major way to the failures of these projects.

It seems clear that these senior managers could
have helped to reduce their problems and the
associated threats that faced their projects by
careful, informed involvement in key matters on
a regular basis. This has been done on some
nuclear plant projects. For example, in one
plant the company's senior managers and board
of directors played an active role in the
management of the plant. As stated in a letter

to the author:

Our Board of Directors was kept abreast of
project activities on a monthly basis. The
project issued a monthly report to the
Board prior to their meetings. The Project
Director was then available at the board
meeting to discuss the report. In addition,
for several of the critical construction
years, the Board held an expanded meeting
at the plant site annually. This permitted
Board membes to view progress first-hand
and permitted additional nuclear topics to
be included in the agenda.

The monthly reviews...also served as the
regular, integrated review of the project
by the project manager/project team. These




reviews included senior management from our
engineer/constructor. Senior representation
from the reactor manufacturer was also pre-
sent when appropriate. These meetings fo-
cused on performance and progress and high-
lighted issues significant to management.
The reporting of progress and performance
was an integrated team effort.

On another type project, the $2.1 billion
Milwaukee Water Pollution Abatement Program
initiated in 1977, a comprehensive review of
the status of the projects in that program is
conducted on a monthly basis by the owner
senior managers. The program manager is present
to explain the program’s status and to answer
any questions posed by these senior managers.
The senior managers, in turn keep the board of
commissioners (board of directors) of the
Milwaukee Metropolitan Sewerage District
informed on a regular basis. This complex
program which has had high visibility and has
held the attention of many stakeholders during
its life cycle is on schedule and close to the
original project budget estimates. The
continued review by the senior managers and the
commissioners is a major reason this project
has been successful.

On both these projects the awareness and
involvement of the senior managers contributed
significantly to success, sending an important
message to all the project stakeholders during
the course of the project's life cycles.

THE ROLE OF PROJECTS

Today most organizations can be characterized
as being comprised of 2 "stream of projects.”
These place demands on organization's
resources. At the same time, the health of
these projects ia a good indication of the
strategic success of the enterprise. Since the
projects will be in different phases of their
life cycle and in one way or another fit into
the enterprise’s portfolio of strategies, their
management is challenging to the key members of
the organization. Balancing the satisfaction
of the needs of these projects is most demand-
ing, particularly in allocating resources,
scheduling workloads, and maintaining sur-
veillance over the planning, organization and
control of the projects from the perspective of
the strategic management of the entire enter-
prise. This strategic management rests on two
key elements: The responsibility of the senior
managers to be aware of the considerations of
the enterprise in facilitating the management
of the projects, and the development of
strategies for a supportive senior management
culture for such projects.

Projects are driven by the need to improve
organizational effectiveness in existing
markets, meet competition, develop new
products/services for existing or new markets,
and develop and implement new engineering,
manufacturing, marketing, maintenance, and
services neces. ty to bring the project from
the idea stage \ vough to customer use. In
today's global competition strategic survival
is dependent on how efficiently and effectively
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the leaders of the enterprise strategically
manage new product/service and process tech-
nology usually through the use of project
Wanagement techniques.

Once a project is funded and corporate
resources are devoted to design, develop, and
construct or manufacture the needed project, it
becomes an important responsibility of the
senicy managers (including the board of
directors) to maintain surveillance over the
efficiency and effectiveness with which
corporate strategy is being implemented through
the use of projects. Large capital projects
which encompass significant corporate funding
require ongoing regular review by senior
management as well as those small new product/
service and process development projects which
may enable the enterprise to meet or exceed the
technology embodied in competitive products and
services. In high-technology markets, the
ability to conceive, develop, fabricate, and
market a new product or service ahead of the
competition can make the diffei'ence between
success or failure. In a market where the
existing technology is stable and mature there
is always the risk that a new technology will
emerge which makes & given strategy obsolete.
For example, vacuum tube technology was made
obsolete by the development of the transistor:
radial tires replaced the dominant bias tires,
and the computer has replaced the mechanical
data processing systems. Current success in a
given product or service can be displaced by an
incremental or major technological change. By
regularly reviewing the portfolio of projects
that the enterprise has underway, senior
managers can gain valuable insight into how
well (and if) the enterprise is being
positioned for survival and growth in the
increasingly rapid pace of technological change
underway in industry today. These projects
usually fall into one of the following:

. "Pure" research projects which provide the
basis for investigating the ability of a
particular discipline to provide the technol-
ogy to advance a product or process.

. "Applied” research projects providing for
the integration of different disciplines into a
product, service, or process improvement
required to position the firm in its competi-
tive environment.

+ Construction and manufacturing projects
through creating the means for the creation of
something that did not previously exist in the
firm but is needed to enable the firm to meet
competition.

. Administrative and support projects to
facilitate and sustain the services to market
and maintain the project results (the product,
service, or process) in the user’'s operating
environment.

Success or failure in the manner in which
projects are managed in the organization will
have a significant impact on the firm's ability
to conpete in its operational business. It is
for this reason that senior managers have an
important responsibility to pay close attention




to the "stream of projects” that are flowing
through their organization since these
projects, in one way or another, contribute to
the organization's ability to survive in its
future.

Prudent and reasonable management of a project
contributes to an organization's future.

PRUDENT AND REASONABLE MANAGEMENT CRITERIA -
AN INDUSTRY PERSPECTIVE

In determining "prudent and reasonable" manage-

ment in the Nuclear Power Plant Industry, much
of the focus falls on the project management
role of the owners in adequately planning and
controlling the use of resources on the
project. The adequacy of senior management's
performance in project management surveillance
is evident in the following sampling of recent
situations.

. Forbes magazine claims that the failure of
the U.S. Nuclear Power Program ranks as the
largest managerial disaster in business.!

. $1.2 billion of Long Island Lighting
Company’s increased costs for the Shoreham
project were recommended for exclusion from
the rate base as having been imprudently
incurred. ?

. The State of Alaska alleged before the
Federal Energy Regulatory Commission that $1.6
billion in imprudent management costs were
associated with the design, engineering, and
construction of the $8 billion Trans-Alaska
Pipeline System. A settlement on this case was
reached on February 13, 1985, The agreement
provides that: (1) the rate base will be
reduced by $450 million in recognition of the
State's allegations of imprudent management;
(2) the oil companies will pay $35 million for
the State’s legal expenses in the proceedings;
13) the owners will refund about $750 million
for excessive tariffs between 1981 and 1984;
(4) the tariffs will be reduced immediately
from about $6.20 per barrel to about $5.00; (5)
tariffs will continue to decline throughout the
term of the agreement based on an established
formula; and (6) the terms of the settlement
will apply even if the Federal Energy Regula-
tory Commission or Congress at some point
decides to deregulate oil pipelines. ?

. The State of Missouri Public Service Com-
mission found that the design of the Union
Electric Company's Callaway Nuclear Plant was
not sufficiently complete when construction
began and that the problem continued throughout
the project causing inefficiencies and
delays. ¢

. In a study of quality in the design and
construction of nuclear power plants it was
found that the root cause for initial quality
problems was a failure of the utility to
implement a management system that ensured
adequate control over all aspects of the
project. $

In the case of the Shoreham Project mentioned
previously, the responsibility and
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accountability of the senior executives were
made clear by the administrative law judges who
concluded that:

...Lilco (Long Island Lighting Company)
failed to develop a project plan adequate

to oversee S&W management of the project.

To identify roles and responsibilities, to
develop accurate and timely reporting systems
which would enable it to monitor, measure and
control costs and scheduling, to adequately
staff monitoring groups or to adequately pre-
pare for its critical owner oversight role.

We conclude that, throughout Shoreham’s con-
struction, Lilco failed to staff adequately
its prime area of responsibility as owner of
the plant-cost and schedule controus.

Lilco’'s measurement and reporting systems
continually and repeatedly failed to ac-
curately depict cost and schedule status at
Shoreham. Lilco managers were unable to use
Lilco's measurement systems to gain an ac-
curate picture of what was happening on site
and complained that Lilco's reporting systems
were confused and cluttered. ¢

The law judges left no doubt as to the overall
responsibility of the Lilco Board of Directors.
for the Shoreham Project:

We conclude that the limited information
presented to the Board was inadequate for
it to determine project status on the rea-
sonableness of key management decision or
to provide requisite guidance and direction
to Lilco management.

On the Diable Canyon Nuclear Plant Project a
large part of the responsibility for the
problems of that project rested with the board
of directors. An expert witness testified:

"The Board of Directors of Pacific Gas and
Electric Company [PGA&E) failed to take an
active role in maintaining a reasonable level
of surveillance during the early years of the
Diablo Canyon Project. Thls lack of an ac-
tive roie was particularly detrimental during
the first ten years of the Diablo Project. As
a result of this neglect and lack of leader-
ship by the Board, serious cost, schedule and
technical considerations were left unattended
at the highest levels of PG&E, which contri-
buted significantly to the final cost and
schedule overruns of the Diablo Project. Al-
though PGXE claims that the Board and the
Executive Comnittee of the Board were active-
ly involved in matters concerning the Diablo
Project, an analysis of the ... minutes of
the Board indicated otherwise.

The Board of PGLE was not diligent or prudent
in its discharge of the trusteeship to the
PGAE stockholders. This imprudence set a poor
example for PGAE's senior management with
responsibility for the management of the Dia-
blo Project and promoted a cultural ambiance
which did not support the rigorous contempo-
raneous project management system that was
required.




Senior management, no doubt influenced by the
Board's lack of concern for the Diablo Pro-
ject, failed to provide adequate planning
organization and control of the corporate re-
sources used on the Diablo Project. PGAE
senior management lost credibility with the
NCR during a critical period of the project
and failed to take an adequate leadership
role in the efficient use of the resources
devoted to the Diablo Project. Furthermore,
the cultural ambience of the PGYE company
with regard to the Diablo Project encouraged
a lack of rigor in making and executing key
decisions." 7

In subsequent review and submission of rebuttal
testimony by an expert witness on the Diablo
Canyon Project it was found that:

. The information provided to the PGLE Board
of Directors about the Diablo Project was
inadequate to permit reasonable oversight.

. There were inadequate regular reports
provided to the Board of Directors on the
status of the project.

. Untimely board meeting agendas and
materials relative to the project limited the
director’s ability to evaluate fully the status
of the project.

There was little if any involvement by the PG&E
Board of Directors in key strategic decisions
and actions on the Diablo Project. These
decisions and actions included:

- Approval of a strategic plan for Diablo.

- PGAE's decrision to act as its own archi-
tect, engineer and construction manager.

- Choice of a basic organizational structure
for the project.

- Assessment of the suitability of the Diablo
Canyon site.

- Assessment of the implications of the
Hosgri fault.

- Full assessment of the implications of the
Mirror Image Error.

-~ Selection of Bechtel Power Corporation as
Project Completion Manager. ¢

In addition, there are other critical cosmments
of a more general nature such as Davis' remark
that capital expenditure overruns and poor
performance are symptoms of a widespread
prublem affecting pioneer projects.® Bates
noted that owners have paid inadequate
attention to soaring construction costs and
reasons for them. 1°¢

A Rand Corporation study of new technology
process plant construction finds that the most
prominently mentioned management-related reason
for increased costs in "diffuse decision-making
responsibility for a project.” The study con-
cludes that the "general wisdom for construct-
ion projects"” dictates that "one person needs
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to be given broad authority for all routine
project decisions and a reasonable scope for
fairly important decisions on schedules, allo-
cations of monies, and all but major modifi-
cations.” The study finds that it is "standard
industry practice to appoint a project manager
-- in the case of a pioneer plant project, a
project manager of long experience, who is
responsible for the undertaking from shortly
after the time that the project emerges from
development until an operating plant is
on-line." 1}

REACTION BY SENIOR MANAGERS

Davis has noted that senior managers’ most
important task is to foster a corporate
environment that facilitates honest and frank
disclosures in dealing with a budget-breaking
budget. He further noteg that the management
style of the senior executives has much to do
with whether or not coverupe and recriminations
are discouraged. !2 A corporation whose

senior executives do not commit themselves to
comply with government regulations sends an
important message throughout the organizational
hierarchy. On the other hand, a senior cor-
porate management that takes the lead in deve-
loping and promulgating policies that demand
full cooperation and disclosure to government
bodies will find such policies echoed and
enforced throughout the company'a
organizational structure.

For example, in the nuclear plant construction
indugstry, the Nuclear Regulatory Cosmission
(NRC), found a direct correlation between the
project’s success and the utility’'s view of NRC
requirements. More successful utilities tended
to view NRC requirements as minimum levels of
performance, not maximum, and they strove to
achieve increasingly higher, self-imposed
goals. This attitude covered all aspects of
the project, including quality and quality
assurance, 13

In contrast, during a performance audit of a
large project it was found that the attitudes,
values, beliefs and behavior demonstrated by
senior management of the organization were
detrimental to the successful outcome of the
project. In an assessment of this project, it
was found that senior management had condoned a
culture which contributed to various problems
on the project with significant injurious
results such as: (1) a lack of candor and
openness in dealing with government agencies,
particularly the NRC; (2) management leadership
which encouraged the destruction of documents
which might have negatively affected the
company during customer rate litigation; (3) a
lack of commitment to adequate commmications
within the company concerning the status of the
project; (4) not taking a conservative approach
to unknown factors in the design and construct-
ion of the project; (5) the general lack of
leadership to resolve problems on the project
in a timely manner; and (6} reliance on past
management philosophies and pr: *tices and a
failure to recognize the impact of new techno-
logy on both the design of the project and the
use of contemporaneous project management
practices. 14




The cultural ambience that is encouraged by the
senior management of the enterprise in turn
will influence the way the project team thinks
about its responsibilities in managing the
project. During review of the project by the
senior managers the full status of the project
should be considered, both of the project
itself, and also the linkages that the project
will have in its greater "systems environment"
which includes the technoiogical, social,
economic, political, legal, and competitive
conditions in which the project exists.
Project managers need to identify and interact
with key inastitutions and individualg in the
systems environment to identify and manage
input that might have an impact on the pro-
Jject's curvrent status and its outcome. An
important part of the management of the
project’'s systems environment is an organized
process for identifying and managing the pro-
bable stakeholders in that environment. This
management process is necessary in order to
determine how the protable stakeholders are
likely to react to project decisions, what
infiuvence their reaction will carry, and how
the stakeholders might interact with each other
and the project team to affect the chances for
success, 13

PROJECT STAKEHOLDERS

An important part of the review of the project
by senior managers is to determine if the
project team is aware of the potential impact
of the project's atakeholders and it care is
being taken to manage these stakeholders. There
are good examplles of projects that got into
difficulty because of some key stakeholders'
claims that were not recognized by the project
team (and the senior managers of the enter-
prise) until such stakeholders had sufficient
power and political influence to cause serious
and costly problems for the project. In some
cases the power of key stakeholders became so
dominant in the interfacing political systems
that the required additional funding for the
projects was not forthcoming, resulting in the
termination of the project. If the senior
managers require that each review of the
project includes an ongoing assessment and
status of actual and potential stakeholder
claims, then there is a greater opportunity for
the project team and the project owner to
collaborate on the development of a project
strategy for dealing with the stakeholders.
Such involvement by the senior managers will
send an important message throughout the
organization and create a cultural awareness of
the role of project stakeholders. If senior
management neglects or is indifferent to the
project stakeholders, this attitude will be
mirrored in the behavior of the project team.

Some examples of successful and not-so-
successful stakeholder management contain a
prime message about the importance of
stakeholders:

. Care was taken to develop early and
continuing cooperation among stakeholder groups
concerned with environmental impact and trans-
portation relative to the development and con-
struction of a large sports complex in the
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U.S. This care averted any adverse impact of
these groups on the project’s cost and
schedule.

. The project manager on the U.S. Apollo
Space Program gained the early and unbroken
support of the Aerospace Industry, Congress,
the Scientific Community, and related consti-
tuencies which contributed in a major way to
the success of that program.

. In the conceptualization, design, engineer-
ing, and construction of a computer-integrated
manufacturing facility, careful attention was
given to involve key stakeholders in the
project planning process. Key executives, the
project team, suppliers, subcontractors,
workers, union members, local community
members, local government officials,
financiers, architects, constructors, and
trainers worked i.ogether as a team to put the
plant into its oprrational mode within an
incredibly short '.ime of sixteen months.

. Over the past five years the General Motors
Corporation has spent approximately $39 billion
on plant and equipment projects to modermize
their engineering and manufacturing facilities.
After the modernization program was initiated,
it was found that some stakeholders - the
workers - had not been adequately considered
through training and indoctrination, and failed
to fully subscribe to the new ways of
manufacturing. CEO Roger Smith stated:

But I sure wish I'd done a better job of
communicating with GM people. I'a do that
differently a second time around and make
sure they understood and shared my vision
for the comopany. Then they would have
known why I was tearing the place up, tak-
ing out whole divisinna, changing our whole
production structure. If people understand
the why, they'll werk at it. Like I say, I
never got all this across. There we were,
charging up the hill right on schedule, and
I looked behind me and saw that many people
were still at the bottom, trying to decide
whether to come along. I'm talking about
hourly workers, middle management, even some
top managers. It seemed like a lot of them
had gotten off the train. 16

Today this ha= changed; workers who once were
expected to be quiet and follow orders at M
are now encouraged to use their knowledge and
skills in the overall improvement of quality
and productivit;.

Project stakeholders are often involved in the
"strategic issues"” facing a project.

STRATEGIC ISSUES IN PROJECT MANAGEMENT

A strategic issue is a condition or pressure,
either internal or external, that will have a
significant effect on one or more factors of
the project, such as its financing, design,
engineering, construction, and operation of the
project’s product or service. King has put
forth the notion of "strategic issue
management" as an integral element of the stra-
tegic management of organizations, !? and




Brown and Ansoff have also dealt with strategic
issues in the management of organizations. 8
Examples of strategic issues that have impacted
the management on select projects include:

. On the U.S. Supersonic Transport Program
the managers had a narrow view of the stake-
holders and generally dismissed the impact of
the environment-related strategic issues until
it was too late. Environmentalists, working
through their political "networks" succeeded in
stopping that progran.

. The Tennessee-Tombigbee 234 mile-long
waterway which cost over $2 billion was beset
with political considerations, lawsuits,
environmental concerns, and social {actors over
many decades. Although it took 14 years to
build this waterway, it was some 175 years in
the making during which it was subjected to
many strategic issues which were subsequently
resolved.

. On the Diable Canyon Nuclear Power Plant
the discovery of an earthquake fault a few
miles offshore set in action a strategic issue
which eventually resulted in the redesigning of
the plant at a cost of nearly $2 billion. There
was little evidence that the senior managers of
the owner organization demanded and received a
satisfactory accounting or made any relevant
in-depth inquiry to determine its full
ramifications. Instead, construction was ccn-
tinued on the plant until a redesign was
ordered by the Nuclear Regulatory Commission.

. In the U.S. today there are many strategic
issues that face the Nuclear Plant Construction
Industry: Passive safety, construction costs,
nuclear waste management, and advocacy, to name
a few. Of these issues the lack of a broad
political surport base and the lack of an
effective and influential champion for nuclear
power has stopped any new plants in the U.S.

. On a smaller scale, a circumferential
highway under construction near a large U.S.
city required the razing of an old Catholic
church which had historical and emotional value
as a landmark to the local church members and
the national church organization. The project
team failed to recognize the strategic issue
that this church posed and went ahead with
construction. Political alliances, public
protests, and eventual court involvement -e-
sulted in the highway's being rerouted at an
increased cost and a project schedule delay of
nearly three years.

When strategic issues arise in the management
of a project or within the organization's
environment they may motivate the use of
project management techniques to accomuodate
the issue. For example, intense foreign
competition in the U.S. automobile industry has
prompted American automobile manufactiurers to
develop management innovations in the design of
their cars. Cutting costc and car design-
development time are key strategic issues
facing U.3. producers Their response to these
issues has in pert been through project
management techniques that use product design
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teams to cut across design, manutacturing,
engineering, finance, marketing, and supplier
organizations. The result -- shorter model-to-
product-to market development cycles with ocon-
sequent cost savings, improved quality, and a
more competitive prodict in the world car
market. Project teams have also been used in
the automobile and other industries to respond
to the need to automate factories on a timely
basis.

It is important that both the project team and
senior management understand the concept of
strategic issues and how an awareness of the
project's strategic issues can facilitate the
successful management of the project.

SENIOR MANAGEMENT'S RESRONSIBILITY

The senior manager's involvement in facili-
tating and propagating a supporting management
system for the strategic management of projects
in the organization is critical. Much of this
depends on the attitudes that senior managers
have about project management and the actions
they take in meeting their responsibilities in
the strategic management of the enterprise’s
projects. These strategic management responsi-
hilities include:

. A recognition that projects are building
blocks of organizational strategy which when
completed make a contribution to the opera-
tional performance of the project owner.

. An awarenesa that an important part of the
review of any project is a determination of the
"strategic fit" of the project in supporting
the enterprise’s mission, objectives, and
goals.

. Asruring that careful consideration is
given to un examination of the real and
potential impact that the project stakeholde:a
can huve on the project ard that such
stakeholders are managed.

. Regular, ongoing review of key projects
underway in the enterprise so that senior
managers know the adequacy of the management of
the projects in terms of project plans, project
organizational design, and policies,
procedures, and systems for the continuing
monitoring, evaluation, and control of the
enterprise resources used on the project.

« Acceptance of the notion of the key role
that strategic issues and stakeholders can play
in the outcome of a project and ensure that the
project team is aware of and prepared to deal
with such matters as distinct work packages in
the management of the project.

+ Recognize the importance of the cultural
ambience of the enterprise and the role that
the organizational culture can have in
facilitating an effective and efficient
management of the projects.

. Approach each review of the project with an
open mind towards the option of project
termination through the establishment of limits
beyond which continued expenditure of resources




on the project just doesn’t make strategic
sense.

. Conduct post-project appraisal on major
projects and develop a profile of "lessons
learned”" from such appraisals for use in
improving the state-of-the-art of project
management in the organization as well as the
culture ambience for the more prudent
management of projects.

If seniur management becomes involved in the
projects, an important message is sent through-
out the entervrise: "These projects are
important to our future and should be carefully
managed by all concerned."”

SUMMARY

Commercial projects have had their problems.
Schedule and cost overruns, inadequate tech-
nical performance of the project results ex-
pressed in a product, service, or manu-
facturing/production process are found all too
often in commercial projects.

Assessment of project "failure" - the inability
of the project to be completed on time, within
budget and capable of the desired technical
performance - rests with the project team and
with the senior managers of the project owner’s
organization. Senior managers must provide for
adequate review of the project proposal, and
the effectiveness and efficiency with which the
project is executed during its life cycle.
Approval of the organizational design, and the
project plans and control processes is an
important responsibility of the senior
managers. During the project’s life cycle the
senior managers must maintain surveillance over
the project’s use of resourcer and whether or
not the project continues to have a strategic
fit in the design and execution of organi-
zational strategies.

An ongoing surveillance over the scream of
projects in the organization provides the
senior executives key insight into how well the
organization is preparing itself for its
future.
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STRATEGIC PLANNING: AN EXAMINATION OF THE PROCEDURES,
CRITICAL SUCCESS FACTORS, AND PERFORMANCE FEEDBACK ELEMENTS
DEVELOPED AND IMPLEMENTED BY THE NAVAL AIR SYSTEMS COMMAND

Ranelle A. Miele-Nadeau, Naval Air Systems Command

ABSTRACT

Making the business of tomotrow cannot
be a flash of genius. It requires system-
atic analysis and hard, rigorous work
today - and that means by people in
;gcz‘a;}'s business and operating within it

Peter Drucker

The following paper presents the general framework
of the strategic planning process develo and
implement durin%1988 by the Naval Air Systems
Command (NAVAIR). This framework encom-
passes an array of current and historical literature
on long-range, corporate and strategic planning
principles tailored to the unique needs of the
command.

The approach taken by NAVAIR represents the
culmination of extensive efforts largely directed and
supported by the Commander, Naval Air Systems
Command along with the top management leader-
ship structure. The strategic planning process,
although rather new in its total command-wide
application, is not new in theory. For several years,
strategic planning at NAVAIR has been evolvi
through a series of iterative steps beginning wit
?eneric command goals and objectives to a more
ormal, precise and measurable system with built-in
feedback mechanisms.

This paper is intended to demonstrate (1) that
NAVAIR's strategic planning efforts are theoretically
based and (2) the effectiveness of teamwork and
comraitment in developing and implementing a
structured process desigied to enable NAVAIR to
successfully meet future riiission requirements
through ongoing internal (organizational) and
exte’nal (environmental) evaluation, change and
process/system imorovement.
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INTRODUCTION

The planning efforts that currently exist within the
Naval Air Systems Command (NAVAIR) cannot be
presented without reviewing some of the theoretical
perspectives underlying them along with the proce-
dural history. The authorities selected in this paper
represent various organizational backgrounds and
experience levels and provide a mainstream of
current opinion on the merits, development and
implementation of strategic planning.

For purposes of this paper, the author intends
planning to mean strategic planning inciuding
establishing and implementing a formal, function-
ally-interdependent process-oriented means for
determining and evaluating the organization's long-
range straiegies, promulgating these strategies,
identifying objective performance indicators and
instituting a systematic, ongoing performance
teedback monitoring procedure.

This interpretation of strategic planning acknowl-
edges that several processes and systems within
the organization are linked and must be taken into
account prior to developing a strategic planning
approach. King and Cleland [10:21flndicate that “a
more modern approach to strategic planning
recognizes the interdependence of planning and
other functions and activities in the organization and
attempts to take cognizance of these interdepend-
encies in designing the organization’s planning
systems, information systems, and other processes
and systems.” We will be examining some of the
factors involved in NAVAIR's strategic planning
process later in this paper.

A multitude of contemporary research on strategic
planning suggests that formal strategy analysis and
the development and implementation of a strategic
planning process do in fact have a positive impact
on organizational performance. There has been, in
recent years, a growing recognition that strategic




planning is essential in today's rapidly changing
world. In addition to the potential advantages it
offers, strategic planning is necessary for organiza-
tions to deal with rapid envionmental change.

According to Thompson and Strickland [13:58-59],
there are several significant advantages which
surface from having a consciously formuiated
strategy. These include:

(1) the guidance it provides to the
managers of organizational subunits;

(2) the contribution it makes to identify-
ing strategic issues and to coordinate management's
direction-setting decisions;

(3) the rationale it provides top manage-
ment in deploying organizational resources among
various activities and in evaiuating competing
requests from organizational subunits for corporate
funds; and

(4) the desirability of trying to influence
rather than merely respond to product-market-
technological-environmental change.

Hax and Maijlut [7:2] from the Massachusetts [nsti-
tute of Technology also note that

“the primary contribution of a formal
strategic planning process is the orderly
identification of a well structured set of
{asks, their delegation to the proper
individuals within the organizational
structure, and their execution in accor-
dance with a pres.:ribed schedule. The
tn.a' effect of this process is a coordi-
nated effort that demands a better bal-
anced time allocation to each manage-
nial activity.”

There are strategic differences among various types
of organizations which reinforces the need for
different ™anning and change control systems. For
example, corporate-level strategies are different for
functional and matrix-structured organizations. As a
result, any discussion of planning must begin with a
broad look at the structure, purpose and historical
planning efforts of the organization being examined.
The following two sections address these factors.

ORGANIZATION

NAVAIR is a complex, dynamic and highly diversi-
fied Department of the Navy acquisition and logistics
support organization responsible for developing,
procuring and supporting all the aviation systems
and their related equipment used by the Navy and
Marine Corps, including the latest fighter and attack
aircraft, helicopters, air-delivered weapons and
some surface and submarine-launched weapons.
The command is unique in that it oversees the entire
life cycle o! each aviation system from basic re-
search until their service lives become obsolete.

NAVAIR is a three-star command organized as a
matrix structure with headquarters in Washington,

DC and twenty-eight field activities throughout the
United States and abroad. To perform its critical
mission, NAVAIR has a military and civilian person-
nel compiement of some forty-eight thousand and
an annual budget in excess of 16 billion dollars.
NAVAIR's twenty-eight field activities include
depots, engineering centers, test facilities, plant
representative offices and other support organiza-
tions. These activities provide a wide range ot
services including aircraft overhaul and repair,
enginearing development and support, test and
evaluation, contract administration, logistics support
and other administrative functions.

HISTORICAL EFFORTS

Prior to 1988, NAVAIR's corporate and strategic
planning functions essentially consisted of a corpo-
rate-level, staff-generated set of command goals
and objectives which were reviewed and signed by
the Commander, NAVAIR (COMNAVAIR) and dis-
tributed throughout the command (both headquar-
ters and field activities). Although command goais
and objectives were promuigated, individual divi-
sions within headquarters and the field activities
were responsible for interpreting the broad guid-
ance and translating this into their own specific
applications. Progress reports to COMNAVAIR
existed in the form of program management reviews
for headquarter divisions and annual management
reviews for the field activities. This is not to say that
effective planning was not being done, but the
planning was basically operational in nature and not
necessarily oriented towards the future.

The first NAVAIR Corporate Plan was developed in
1986 and included sections on the organizational
structure, environmental factors, varius posture
statements, high-level guidance and initiatives,
budget/procurement elements and more detailed
command goals, objectives and special emphasis
areas. Special emphasis araas are those problems,
processes or activities targeted by COMNAVAIR as
requiring intense management focus and may
inciude such items as obligation rates, safety,
budnet execution, quality of life, etc. The 1986
Corporate Plan aiso inciuded a section that demon-
strated the criticality of linking existing performance
evaluation criteria to the goals, objectives and
special emphasis areas.

This first NAVAIR Corporate Plan was significant in
that it:

(1) articulated an analysis of environ-
mental and some organizational considerations;

(2) demonstrated a clear need to
estabiish accountability for meeting established
goals und objectives; and

(3) provided a baseline from which to
begin developing a more formal, structured planning
process.

The second NAVAIR Corpc.ate Plan, approved in
August of 1987, in effect undated, clarified and
expanded information contained in the first plan.




The major addition in the 1987 plan was a section
highlighting significant command accomplishments.
This section listed the command goals, objectives
and special emphasis areas from the prior year and,
through a formal data call throughout the command,
elicited achievements in order to provide some
basic feedback to NAVAIR employees relative to
the success of meeting targeted goals, objectives
and special emphasis areas.

During this timeframe, NAVAIR established a team
to evaluate prominent organizational and procedural
issues throughout the command. As a result, in

ril 1988, COMNAVAIR issued a memorandum
which incorporated recommendations generated by
the “NAVAIR 90" study team. This memorzndum
addressed those key actions necessary for tne
command to enhance and improve the way busi-
ness is conducted well into the future. A very
imporrt‘ant action identified by COMNAVAIR [14:1]
was that

‘the command needs to look into the
future in @ more formal manner. The
recommendations to involve at least all
of the deputy and assistant commanders
in the process are good ones. We
should have regular and recurring
meetings, some of them off site, to more
formally address development of strate-
gic plans which can be translated into
operational objectives and tasks.”

Eigure 1 shows that NAVAIR during the past five
years moved from a top-down change-directing
organization towards one which recognizes the
necessity of a formal, command-wide planning
approach to change.

PLANNING FORMULATION

Constraints imposed by limited resources, govern-
mental regulations/initiatives, technological change,
nroduct mix and a host of other elements preceded

AVAIR’s recognition that something needed to be
done to enable the command to meet future mission
requirements. Change was inevitable. The initial
reaction to using “strategic planning”™ was not just to
par lip service to the term, but to realistically
delineate the requirements to be considered,
evaluated and included in a formal planning proc-
ess.

Procedures. Literature suggests that an important
factor in the success of introducing strategic plan-
ning into an organization is largely dependent upon
the commitment by resgonsible executives and
managers to succeed [5:128; 6:6.6-6.7; 10:329]. As
noted earlier, COMNAVAIR's support and commit-
mentto a form?‘lcrlanning rocess filtered through-
out the command. From this, a plan of action and
milestones was developed, Planning Board Mem-
bers were identified (members include the Deputy
and Assistant Commanders, field activity represen-
tatives and other top NAVAIR executives), and a
series of small, informal planning meetings were
conducted with planning members to begin paving
the way for strategic planning.

In addition to ongoing informal planning meetings,
three primary and important strategic planning
sessions were held. The theme overarching the
sessions was, “Today's Leadership Controls
Tomorrow's High Performance.” This theme is
consistent with Peter Drucker’s definition of what
strategic planning is. According to Drucker [5:125],

I 1984 1985 1986 1987 1988 1989 I
I - Top-Down Direction -Top-Down Direction - Strategies, Goals & I
of Corporate Goals of Corporate Goals Objectives from
Participative Planning
- Limited Scope -Broadened Scope
- Extensive Feedback
- Marginal Feedback - Limited Feedback System
- Formal Accountability
- Performance Indicator
System
Figure 1

The following describes the planning formulation,
implementation and performance measurement/
feedback elements of the command’s strategic
planning process.
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“Strategic planning does not deal with
future decisions. It deals with the futurity
of present decisions... The question that
faces the strategic decision-maker is not
what his organization should do tomor-
row but ‘What do we have to do today to
be ready for an uncertain tomorrow?™




Eigure 2 below summarizes the purpose, prepa-
ration, procedure and product of each session.

STRATEGIC PLANNING SESSIONS
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A planning needs assessment was conducted
throughout each of the formal planning ses-
sions. Brandt's [4:10] dimensions of strategic
planning, Eigure 3 below, shows that various
levels of planning, stages of organizational
growth and strategic questions are primary
elements when conducting a planning needs
assessment. Manzini and Gridley [11:6] wrote
that “for organizations embarking on the devel-

opment of an integrated strategic planning system
for the first time, the initial requirement is an often
painstaking analysis of the organization itse¥, its
past history, present strengths and weaknesses,
current policies and procedures, and prospective
plans.” Each of these elements were covered in
detail during the major strategic planning ses-
sions.

STRATEGIC PLANNING DIMENSIONS

Svategic

Questions ._/

Vo
7/ A

Levels

/ Suges
ol lel'r
Figure 3
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The timeframe between the three major planning
sessions was very important. Given that planning
occurs at various levels within the organization,
ditferent planning etforts must be recognized and
included in this process-building phase. During
these interim periods, extensive planning efforts
occurred in which command executives interacted
with functional and division managers along with
corporate planning staff members to define, evalu-
ate and refine objectives in support of command
strategies and goais. This interaction fostered top-
down, bottom-up communication throughout the
organization which enabled managers and other
staff to contribute to the process being developed.
Wae find that

"The top-down-bottom-up element of a
corporation's strategic management
process is an effective communications
device because it is both interactive and
iterative. 1t permits managers at each
organizational level to contribute a par-
ticular perspective and ultimately recon-
cile differences which may exist between
senior managemerit's top-down portfolio
strategy and group and divisional bottom-
up specialized business approaches.
The exchange results in agreed-upon
strategies which are thoroughly under-
stood, and a commitment on the part of
each manager” [2:3-9)].

Critical Success Factors. The critical success fac-
tors discussed here are those key variables de-
fined by planning board members as important for
evaluation prior to developing a formal planning
process. Examination of these factors contributed
heavily to the planning needs assessment. The
shadowed areas in Steven C. Stryker's [12:12]
following schematic_(Figure 4) represent the
critical success elements touched upon by the
planning sessions.
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We will examine these in more depth as it is signifi-
cant to recognize the amount of progress achieved
by NAVAIR over a relatively short iimeframe.

Define The Business. Peter Drucker [5:77-
79) stressed that the question, "What is our busi-
ness?" although simplistic and obvious in nature, is
one most neglected by managers and is often the
most important single cause of organization frustra-
tion and failure. Drucker firmly believes that the only
way this question can be answered is by taking the
point of view of the customer. NAVAIR executives
took great pains to identify their customers, cus-
tomer requirements/needs and how to best meet
these needs. This coincides with Derek Abell's
{1:169] three-dimensional concept of defining "What
is our business?” _Figure S below demonstrates this
concept.

DEFINING A BUSINESS
CUSTOMER USESFUNCTIONS
CUSTOMER
GROUPS
ALTERNATIVE
TECHNOLOGIES
Figure $

According to Abell, defining an organization's busi-
ness is a joint relationship between identifying who
the customers are, their requirements and how are
their needs best satisfied. One of the end products
from the executive planning sessions was a reevalu-
ation and redefinition of NAVAIR's mission state-
ment. This revised statement addresses, "What is
our business?"; “What should our business be?";
and "What will our business be?* The mission
statement now provides specific details about
NAVAIR's purpose, customer groups, needs and the
range and quality of technologies, services and
products i0 be provided.

Discover Influences, Specify Strategic

. A great deal of
literature has been published on the importance of
understanding both the internal organizational
structure and external conditions for occurrence of
effective strategic planning. Once the influences
have been determined, strategic issues and altema-
tives can then be articulated and evaluated and the
best alternatives for resolving such issues selected.

Internal Influences. Understanding
the organization’s internal structure and processes
and evaluating its actual and potential strengths and
weaknesses are necessary prerequisites to estab-
lishing a strategic planning process. D.E. Hussey
(9:87] noted that “the corporate appraisal should be




one of the first steps in the process of preparing
long-range plans, and should provide both the
platform from which the corporate objectivas are
established and the baseline of the strategic plan.”
Internal analyses often lead to planning data that
can be quite useful in determining/selecting; the best
or alternative planning scenarios. Such analyses
should focus on human, financial, physical and
technological resources from historical, current and
futuristic perspectives.

External Influences. Hax and Majluf [7:15]
state that “environmental scanning attempts to
diagnose the general heaith of the industrial sector
relevant to the business in which the organization is
engaged. Furthermore, it concentrates on assess-
ing the overall economical, political, technological,
and social climate that affect the corporation as a
whole.” Recognizing and identifying signiticant
environmental elements are necessary to preclude
selection of a planning process that does not permit
contingencies or evaluation of alternatives. Befors
the organization's future can be determined or even
addressed, technological, social, political, legal, and
economic factors must be understood.

Planning board members recognized the impor-
tance of evaluating historical, current and future
corporate positions from both internal and external
perspectives. Detailed analyses were conducted
and a set of assumptions concerning past and
current organizational structure and performance,
application of resources and mission goals were
generated in order to establish a baseline from
which to begin further analyses. From this, a series
of assessments were presented and discussed
concerning potential mission requirements. An
analysis of the variance between internal capabili-
ties and external impacts was then performed to
depict the command'’s current corporate abilities
and to determine what critical path and planning
elements the command would need to implement in
order to overcome identified strategic issues and to
mee! and support future requirements.

highlights the areas evaluated by the planning
members and the basic process involved.
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demonstrates that planning members
specified influences and identified strategic issues
along with proposed alternatives. This was done
largely by the Delphi technique in which a series of
rounds were held to identify, evaluate and priorititze
strategic issues and subsequent proposed strategic
altematives. Literature suggests that the Delphi
technique provides a more efficient and less biased
way 10 use the information heid by key decision
makers (in evaluating alternatives) than that pro-
vided by informal methods [2:2-9].

The primary products derived from these aforemen-
tioned critical success factors were (1) the genera-
tion of a viable set of options from which to select
the best course of action ensuring corporate growth
and sustainability while providing the flexibility
necessary for change and (2) the actual selection of
realistic, achievable strategies, goals, objectives
and performance indicators.

In summary, Manzini and Gridley [11:74-75] have
written,

“No approach io planning can succeed
without a clear view of the existing
situation. This basic evaluation c*
existing resources, financial goals and
projections, and immediate prospects
forms a baseline for evaluating the
current strengths and weaknesses as an
organization, which together with a
sharpened view of organizational objec-
tives gained 1. m core mission analysis
and information on the external environ-
maent, forms the starting point for the
development of scenarios depicting
different organizational futures.”

The following represents the effective translation of
these results into a viable system of documertation,
direction and performance feedback.

PLANNING IMPLEMENTATION

Documentation. The most basic output of planning
formulation is a p'anning document. A planning
document conveys to organizational elements the
planning results formulated for a specitied period of
time and identities the organization's priorities for
resource allocation. Planning documents may be
broad mission gans outlining generic strategies for
future accomplishment or may be detailed, highly
complex plans with associated resources, mile-
stones and accountability. King and Cleland [10:25]
discuss the concept of a “system of plans” in which
the organization’s plans are interrelated and inter-
dependent. The relationship between the
organization’s plans is critical for ensuring that
consistent sions are made throughout the
organization. This relationship is equally important
for ensuring that the plans mesh with overal
corporate goals.

NAVAIR has two major organizational plans, the
Corporate Plan and Business Plan. NAVAIR, in
developing the plans, concentrated on accurately
and clearly articulating the strategic choices made,
detining the relationship between the plans, ensur-




ing consistency between the pians and defining
associated corporate-levelfunctional group respon-
sibilities.

Corporate Plan, The end result of NAVAIR's
informal and formal planning sessions was the prom-
ulgation and distribution of the 1989/90 NAVAIR
Corporate Plan. This document is the two-year
strategic plan which integrates major policies,
initiatives and actions into a cohasive document
communicating broad strategic planning guidance
throughout the command. The total package of
mission statement, strategies, goals, special empha-
sis areas and objectives form the core of the Corpo-
rate Plan.

Husiness Plan, In support of the Corporate
Plan, the functional groups within headquarters and
the field activities prepared annual business plans.
Business plans are the operational or day-to-day
plans which not only reflect the guidance generated
by the Corporate Plan but expand this guidance to
provide more specific, concise and detailed cbjec-
tives to employees. The business plans function as
work "blueprints® and contain objectives and meas-
urable performance indicators tailored to each
group's unique needs and requirements. The per-
formance indicators identity specific timeframes and
responsible personnel for accomplishing stated ob-
jectives and are a vital part of the performance
feedback and measurement system.

Eigure 7 represents NAVAIR's planning process in
its simpiest form.

PLANNING PROCESS
PROCESS

s
- ._'v:.'

COMMAMD GUIOMICE SUBNESS ANGS
(STRATEGIC PUvomeg BMN0Y PRICTIONAL GROUPS & FELD ACTVIES

)

PERFORMANCE FEECBACK AND
MEASUREMENT

The effectiveness of a planning system may be
thought of as the value added o management de-
cisions and actions and any subsequent impact to
the achievement of strategic goals. Evaluation of
the resuits derived from both the planning formula-
tion and implementation phases is vital to deter-
mining the system's effectiveness and for ensuring
continual corporate growth. King and Cleland
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{10:349-350] noted that "a planning system that
does not have a strategy for raview and improve-
ment of the efficacy of strategic-planning efforts in
the organization is unlikely to achieve its fullest
potential.”

Berformance Feedback, NAVAIR's performance
review process is shown in Eigura 8.

REVIEW PROCESS

The performance review process developed by
NAVAIR is basically a two-fold approach. Figure 9
shows one side of the feedback process whereby
field activity and air group commanders report
their 2-hievements relative to the goals, objectives
and performance indicators set forth in their
business plans during the Annuai Management
Review (AMR). This forum enables field activity
and air group commanders to present and discuss
accomplishments, issues or problems in meeting
the prior year's targeted goals.

The other side of the review process occurs on an
annual basis during the NAVAIR Commander's
Conference (Figure 10) where the Corporate AMR
is presented. The Corporate AMR will provide a
formal review of Corporate strategies, goais and
objectives and will analyze performance criteria
and any reasons for deviation. Strategy sponsors
will report on progress made towards accomplish-
ing command strategies with special attention to
objectives and special emphasis areas. The
Executive Planning Board, chaired by COMNA-
VAIR, will then meet to revise goals, objectives
and special emphasis areas as necessary. The
first Corporate AMR is planned for October 1989.

In addition to the AMRSs, a series of smaller-scale
briefinng are presented to COMNAVAIR during his
regularly scheduled staff meetings. Strategy
sponsors during these briefings discuss current
etforts in meeting established strategies and
special emphasis areas.




REVIEW PROCESS
T

REVIEW PROCESS

Figuee 9

Another facet to the command's feedback process
includes personnel performance appraisals (shaded
areas in The planning process, in order to
be fully effective, needs to be integrated into individual
performance recognition systems. We tend to find that
organizational performance is effective to the extent
that individual efforts are successtully directed toward
organizational goals in an atmosphere deliberately
created to encourage the development of required
skills and to provide the satisfaction of personal prog-
ress [3:132]. This provides the organization an oppor-

Figue 10

tunity to evaluate performance (at the lowest eche-
lons) against command goals and objectives.
NAVAIR's planning guidance specifies that military
and civilian performance ag oraisals should reflect
specific responsibility and accountability for accom-
plishing command goals and abjectives. From this,
individual work plans should be developed that ap-
propriately reflect the goals and objectives outlined
in the individual performance appraisals.

REVIEW PROCESS




i . Currently, NAVAIR is
implementing Total Quality Management sT QM)
commandwide. TQM, although thought ot primarily
as a comprehensive management philosophy, is
being utilized as a performance feedback mecha-
nism to evaluate the effectiveness of command
strategies, goals and objectives. Eigure 12 ad-
dresses the TQM feedback structure being dis-
cussed in the following paragraphs. This is impor-
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tant to recognize as it functions as a process-
oriented feedback mechanism examining the work
productivity and quality involved towards accom-
Blishing stated items. This is consistent with Peter
rucker's explanation of making work productive.

According to Drucker [5:199], making work produc-
tive requires four separate activities. These include:

First, it requires analysis. We have to know
the specific operations needed for work, their
sequence, and their requirements.

But we also need synthesis. The individual
operations have to be brought together into a
process of production.

Third, we need to build into the process the
control of direction, of quality and quantity, of
standards,and of exceptions.

Fourth, the appropriate tools have to be
provided.

is an example of this structure and the
potential cross-functional ralationship between TOM
and the command strategies, goals and objectives.

This structure involves both horizontal and vertical
lines of communication. Quality Management
Boards (QMBs) are permanent, hierarchically
linked, cross-functional teams, designated by top
NAVAIR management (Executive Steering Commit-
tee members) to evaluate targeted J)rocess im-
provements. QMB members include management
and one or more sub-level managers or staff with
expertise in the targeted process areas. Process
Action Teams (PATs) are comprised of staff mem-
bers involved and knowledgeable in the process
being evaluated by the QMB. The PAT researches,
collects and summarizes baseline data on process
performance for the QMB.

In the following example, a QMB is assigned by the
Executive Steering Committee to evaluate a given
corporate strategy. From this, cross-functional
QMBs an.! "ATs are established to investigate the
Frocess pe.formance within the strategy’s support-
ng goals a\d objectives. The (X highlighted in

j spresents the organizational “link” to
help foster vertical and horizontal communications
and cooperation [8:vii, 5-6).

ESC (EXAMPLE ONLY)
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The evaluation of the processes involved in working
towards achieving stated strategies, goals and
objectives is quite rigorous. Under this approach,
major organizational goals are identitied and analy-
sis of the process variables affecting the achieve-
ment of them is conducted. Asking intelligent
questions relative to potential process improve-
ments, probability of problem resolution, measura-
bility and quantification, visibility/importance and
timeliness of any required process change is
imperative. Process evaluation conducted through-
out and across strategies, goals and objectives,
whether quantitative or qualitative, is a %Derb
mechanism for identifying and understanding where
the organization is at any given point in time and
where it needs to go. Ongoing objective evaluation
and change Is inherent in this feedback mechanism.
Top executives and managers throughout the
command, by this means, are kept abreast of
process problems/successes.

Pedormance Measurement and Tracking. Key
elements in a successful performance feedback
system include performance indicators and associ-
ated measurement criteria. Although often complex
and difficult to develop, performance indicators with
reasonable measurement criteria are critical for
enabling the organization to improve its strategic
planning position. Performance indicators an
measures vary with corporate level and functional
activity. At each successively lower level in the
command, performance indicators and measures
cover more specific operations and tasks. Execu-
tives and managers should be responsible for the
performance criteria at their respective levels.

NAVAIR executives and managers carefully identi-
fied those performance indicators and measures
best achieving targeted goals and objectives.
Performance indicator monitoring is currently
rformed at various levels within the command and

is done so by several techniques. Automated
gedormance indicator tracking systems are utilized

y many offices. NAVAIR’s ultimate goal, with
respect to automated performance monitoring and
control systems, is to have a command-wide
Executive Management Information System (EIS)
designed to provide COMNAVAIR, other executives
and managers at all levels with strategic planning
data useful for their needs.

The design and implementation of an EIS for a
complex organization such as NAVAIR involves
many elements. Consideration must be given to a
variety of concerns such as target users, their
physical location, existing information requirements,
future requirements, current and future system
capabilitiy, flexibility, efficiency, effectivity, growth
ggtemial, timeliness, complexity, etc. The factors to
considered are voluminous. In general, how-
ever, the capability to analyze aggregated data is
important to the command’s needs. The ability to
“roll up” information from the business plans to the
strategies and analyze and present such datais a
clear need identified by various managers through-
out the command. The key is to design a system
capable of integrating a muttitude of information to
be shared by all managers.

Evaluation of the development of a command-wide
management information system is currently under-
way.

CONCLUSIONS/SUMMARY

NAVAIR's success will be measured this fall when
the evaluation of command strategies occurs. It will
be during this time that the effectiveness of the
strategic planning process will be determined and
the quality of selected alternatives evaluated. Until
then however, the author believes it fair to assume
that NAVAIR has done an exceptional job in its
initial attempt to formalize a strategic planning
process. Given the highly diversified and complex
nature of the organization, the creation of a dynamic
planning system characterized by teamwork,
commitment, cross-functional interdependency,
human resource-work process integration and
ongoing communication represents a significant
milestone surpassed.

The practical effect of all the hard work is that each
employee from clerical to theoretical aerospace re-
searcher has a focused work plan that supports in
general and specific, the direction promulgated by
the NAVAIR Corporate Plan. By fine-tuning the
command’s organizational purpose and more clearly
articulating its mission, NAVAIR'’s 48,000 employ-
ees are now working towards achieving the same
goals and objectives which creates a more efficient
and eflective organization capable of dealing with
the challenges of the future. Application of com-
mand resources towards the same goals and
objectives enables challer?es such as increasing
technological complexity, diminishing resources,
fleet support, product and service quality and quality
of life to be dealt with in a more consistent, struc-
tured manner.

Only time will tell, but NAVAIR's efforts should not
go unnoticed. The dedication and commitment
demonstrated by COMNAVAIR and other top
executives and managers to better position the
command ior the future is to be commended.
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TECHNOLOGY TRANSFER GUIDELINES FOR PROGRAM MANAGERS

Michelle C. Stuart, Patricia A. Kelley
The Analytic Sciences Corporation

ABSTRACT

Dual sourcing to attain competitive productior sources is
a major focus within the weapon system acquisition proc-
ess. A critical component of a successful dual source
program is a comprehensive technology transfer effort
which encompasses all program office, initial source, and
second source activities required to qualify a second
production source.

There are several objectives which would lead a progras
manager to decide to pursue a dual source strategy, such
as reducing or controlling costs, improving quality, re-
ducing program risk, expanding the mobilization base, en-
hancing schedule, and ensuring supply.

The selected strategy of transferring technology depends
upon the objective of a dual source strategy, the type
and availability of technical data to bte transferred, the
weapon system complexity, anticipated second souice sup-
port required of the initial source, manufacturing com-
plexity and 1life cycle phase of the weapon system.
Several strategies have been employed to accomplish tech-
nology transfer including: Technical Data Package (TDP),
leader-follower, contractor teaming and licensing.

The technology transfer process itself includes four fun-
damental activities:

® Transfer of technical data to the second source

® Provision of engineering, material and training assis-
tance to the second source

® Development of the second source production line

® Qualification of the second source as a capable pro-
ducer.

These activities are affected by the technology transfer
strategy selected. Transferring data and providing as-
sistance involve initial contractor support in leader-
follower, contractor teaming and licensing. In a TDP
method, the government would ensure technical assistance
and guidance is provided to the second source in inter-
preting the data package. For all methods, governsent
and initial contractor involvement in development of the
second source production line and qualification of the
second source are dependent upon the cosmplexity of the
weapon system and sanufacturirqg processes.
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In order for the four fundamental activities to be effec-
tive, they must be actively managed. Several key manage-
s3nt functions include:

® Developing a technology transfer plan (TTP) that
serves as a guiding document for monitoring the dual
source effort and that describes the activities and
responsibilities of the government and the contractors

® Establishing a dual source management structure to
control the technology transfer effort

e Defining contractor agreements whch permit both con-
tractors access to each other’s facility and the
transfer of company-sensitive data

® Providing incentives to the contractors to enhance the
timeliness and completeness of technology transfer

® Controlling the configuration of the dual source ef-
fort to ensure complete, up-to-date data are available
to both contractors and the government

® Defining milestones to measure the second source’s
progress in becoming a qualified production source.

A TTP is comprised of the aforementioned planning mile-
stones. The level of detail in a TTP depends upon the
maturity of the program. As a program matures, addi-
tional detail is incorporated in the TTP. The plan
serves as the guiding document for all program personnel
involvea with the dual source effort. It also is the
basis for associated plans such as configuration manage-
ment, test, and qualification.

INTRODUCTION

Successful technology transfer requires the development
of an integrated plan that reflects a logical flow from
government dual source objectives through technology
transfer from an initial source to a second source to
qualification of the second source as a capable producer.’




There are four technology transfer strategies predomi-
nantly used by the government. A TDP approach involves
the development and validation of a complete set of engi-
neering drawings and delivery of those drawings to a sec-
ond production source. An adequate package contains the
complete system specification, complete engineering draw-
ings, tooling and test equipment drawings, acceptance
test procedures, and process instructions.

Two strategies used primarily when the weapon system is
still in development are leader-follower and contractor
tea-ing. Leader-follower involves direct contractor-to-
contractor transfer of all technicel data that is re-

quired to establish a second production source. The
system developer (leader) provides training, technical
assistance, material support, vendor qualification, and

detailed manufacturing support to the second source (fol-
lower). Contractor teaming is the formation of a team by
two contractors for full scale development of a system.
Both contractors fulfill specific and distinct design re-
sponsibilities and then exchange each other’s production
technology.

Licensing involves the development of a second source by
the system developer. The system developer §s directly
compensated for the technology transfer effort and re-
ceives a royalty fee for every item produced by the sec-
ond source (licensee).?

Selection of a technology transfer strategy is inherently
linked to anticipated technology transer activities. For
example, when patent protections are employed by the in-
itial source, a licensing strategy is preferred. Tech-
nology transfer encompasises several fundamental
activitier including transferring technical data, provid-
ing assistance, developing the second source production
line and qualifying the second source.

The approach to accomplishing technology transfer and
achieving milestones is documented in a TTP. A thorough
TTP includes the following elements which are discussed
in greater detail in the remainder of this paper:

® Data to be transferred
Anticipated technical support
Second source production planning

Second source qualification requirements
Dual source program management structure
Contractor and government agreements
Incentives

Configuration management procedures

Demonstration milestones

Contract vehicles.

TRANSFERRING TECHNOLOGY

TRANSFFRRING DATA

The level and format of technical data to be transferred
are directly related to the desired level of configura-
tion control, the required level of qualification, and
program maturity. The data elements to be transferred,
the format of the data and the validation of that data
should be decided early in the process.

Key Data Elements

The second source must be provided sufficient technical
data to allow fabrication of end items and accomplishment
of production qualification. Regardless of the technol-
ogy transfer strategy, key technical data elements to be
transferred include:

® Specifications

Technizal drawings

Tooling and test equipment drawings
In-process test procedures
Acceptance test procedures

Numerical control tapes
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Referenced standards

Manufacturing work instructions

Contractor training manuals
® Make/buy plans.

Under a TDP approach, these elements comprise a "com-
plet~" technical data package. Under a leader-follower
or teaming approach, these elements are the initial tech-
nical data that are further supplemented by technical as-
sistance.

Data Formatting

The evolution of computer-aided design and data manage-
ment has introduced a wide variety of media for format-
ting and storing technical data. Hard copy refers to
traditional paper documents. Strict reliance on hard copy
engineering drawings is neither efficient nor desired.
Alternate media for data storage include microfilm and
magnetic. Microfilm copies of hard copy documents are
usually in the form of aperture cards. This method fa-
cilitates storage and retrieval of information. Magnetic
refers to computer-aided design/computer-aided manufac-
turing (CAD/CAM) software packages and their file storage
capabilities. Data stored in this manner can be trans-
ferred directly from the system developer to the second
source, assuming compatible CAD/CAM systems. Hence, mag-
netic storage provides the quickest, easiest, and least
expensive means of data transfer.

validating Technical Data

The level of program office involvement in data valida-
tion is directly related to the technology transfer
strategy. For example, the government may play a limited
role under a leader-follower approach while a more in-
tense government validation effort would be required un-
der a TDP approach. The validation of technical data can

be viewed as a four-tiered effort that encompasses the
following steps:?
® Inventory and format -- Audit of all drawings, speci-

fications, and designs to establish that complete and
piroperly formatted documentation exists for all compo-
nent parts, assemblies, and end items

® Physical Configuration Audit (PCA) Government
examination, testing, and comparison of the equipment
against the TDP

® Demonstration
manufacturing methods

-- On-site audit of the developer’'s
(including assembly, tooling,
and test procedures). In additic., the developer con-
ducts the actual assembly, inspection, and test of
several sets of randomly selected r.rts and assemblies

® Hardware Build Government may build validation
units in a government-owned and operated facility.

PROVIDING TECHNICAL SUPPORT

A successful technology transfer effort may require tech-
nical support over and above the transfer of data. Tech-
nical support includes:

® Training and engineering assistance

® Material support and long lead

® Provision of kit items and training aids
® Test support.

Support in any of the areas may be required from the
initial source or from the program office. Technical sup-
port requirements are coordinated through the dual source
management structure.

Training and Assistance

Training programs and engineering acssistance are provided
to the second source for system-specific manufacturing,
assembly, and test procedures. Training and assistance
are directed toward those areas where the second source
may be deficient. Representative areas include:

¢ Material inspection techniques and procedures
® Special test procedures and equipment usage

® TFabrication and assembly procedures




® Critical process fabrication techniques and procedures
® Tooling and test equipment calibration procedures

® Clarification of the system drawings or engineering
data

® Provision of additional engineering data such as prod-
uct reliability and manufacturing lessons learned.

Training and assistance are provided to accelerate the
development of the second source’s engineering and manu-
facturing capabilities. This assistance also reduces the
risk of second source mistakes due to misinterpretation
of data or missing data elements. Training and assis-
tance are provided by the initial source under a leader-
follower or teaming strategy. When additional assistarce
is required under a TDP strategy, it is provided by :he
government or the initial source under a separate eni-
neering services contract.

Material Support and Long Lead

Support in the areas of long lead material acquisition,
vendor base guidelines, inventory control procedures and
quality assurance provisions are required to reduce sec-
ond source development time and risk. The program office
determines long lead material support requirements
through the following steps:

® Determine a general second source fabrication schedule
based upon the qualification and initial production
requirements (initial source production flow times are
used prior to selection of a second source)

® Identify material need dates based on the fabrication
schedule

® Identify order dates based on current materjal lead
times and the need dates.
Kit Items and Training Aids

Kit items and training aids are providec to the second
source to reduce qualification lead times .nd manufactur-

ing risks. End item kits contain al)l parts, sub-
assemblies, and assemblies that comprise the final end
item. Kits are used to validate the technical data

against actual hardware, to demonstrate second source
process and assembly capability, and to accelerate pro-
duction line development. Similarly, shop models and
training aids provide the second source engineering team
with mock-up hardware that can be used to validate data,
develop test procedures, and assess process requirements.

Test Support

Test support is provided on programs where the initial
source retains design agent responsibility or maintains
test data and failure reporting systems. In those cases,
the initial source serves as a logical complement tn the
program office engirsering and test staff. Assistance is
provided for both factory tests and operational tests of
the second source equipment.

Technical support reduces the risks associated with in-
adequate data, ensures that lessons learned by the in-
itial source are transmitted to the second source, and
accelerates the development of the second source’s manu-
facturing capability in an orderly fashion. The primary
intent of technical support is to ensure the timely
qualification of the second source. The provision of
long lead material and kit items is particularly useful
in developing the second source production line.

SECOND SOURCE PRODUCTION LINE

Critical activities associated with establishing the sec-
ond sovrce production line include developing the manu-
facturiag plan, procuring and/or fabricating tooling and
test equipment, and fabricating the qualification and the
directed buys.

Manufacturing Plan

The initial step in establishing the second source pro-
duction line is the preparation c¢f a manufacturing plan
by the second source. The plan is based on the manufac-
turing information in the TDP, the master production
schedule, existing facilities and equipment, and prelimi-
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nary make/buy plans. The plan is prepared in accordance
with MIL-STD-1528A, "Manufacturing Management Program,"
September 1988, and contains the followsng critical ele-
ments:

® Manufacturing capability

® Capital and facilities requirements
® Special tooling and test equipment
e Manpower forecasts.

Tooling and Test Equipment Fabrication

Initial source or program office assist.nce in procuring
or fabricating second source tooling ind test equipment
greatly enhances the second source transition *to produ:-
tion. Early provision of tooling requirements to the sec-
ond source is required to allow for the long lead times
related to the acquisition or fabrication of special
tooling and special test equipment (ST/STE). To accom-
plish this requirement, an itemized list of all required
tooling, test equipment, and specifications should be
supplied to the second source as part of the TDP or as
supplemental data.

The itemized list should include all fabrication, test-
ing, and qualification requirements, the associated lead
times ar- means of acquiring each piece of equipment, and
the rate capacity of the equipment. Additional data in-
cludes copies of the initial source’s tooling and test
equipment data packages, potential sources, clarification
of specifications, drawings, and operating instructions.

ST/STE usually is the pacing item of the second source
production line. Thus, timely provision of ST/STE data
is integral to the successful achievement of the qualif-
ication schedule.

Production Planning

Simultaneous with the procurement or fabrication of ST/
STE, the second source initiates its detailed production
planning. This effort includes the following activities:

® Perform process analyses and trade-off studies
Prepare line-of-balance and process control plans
Prepare detailed facility and plant layouts
Prepare manufacturing work instructions

Develop standards and work measurement processes

Prepare process sheets and inspection instructions

Define and implement quality assurance procedures and
systems.

Materials Acquisition

Concurrent with in-plant activities, the second source
also establishes a subcontractor and supplier base.
There are three sources of suppliers:

® Current suppliers to the initial source
® New suppliers for initial source buy items
® New suppliers for initial source make items.

Using new suppliers is the preferred approach; however,
for high value or specification controlled items, the
program office may elect to have both primes buy from the
same vendors. when the second source employs current
initial source suppliers, it informs the suppliers of the
dual source weapon system program and provides notifica-
tion that they are authorized to use special tooling and
test equipment at the supplier’s plant. The initial and
second sources then determine the details of subcontract
administration of and material ordering from the suppli-
ers. An agreement in this area is particularly useful
for high value or long lead subsystems where econoaics of
ordering are desired and the production split is not
known prior to placing the subcontract. Agreements also
are developed that address how shortages are to be dis-
tributed between the two primes, should the supplier en-
counter delivery problems. The details of subcontract
administration are documented in a memorandum of agree-




ment and are coordinated through the dual source manage-
ment structure.

Kit Assembly

Recent programs have employed end item kits to accelerate
development of the second source production line while
providing incremental demonstrations of second source ca-
pability. Kits are composed of all assemblies, subsys-
tems, parts, and components that are required to assemble
the final item.

The Qualification Buy

The qualification buy is a relatively small quantity to
support the secund sovu-ce’s qualification testing re-
quirements and to develop the second source’s production
capability. To accomplish the buy, the second source in-
stalls all tooling and test equipment. The government or
initial source provides on-site technical assistance dur-
ing fabrication of the second source qu’ ificatjon hard-
ware. Any changes in the manufacturing processes or
design to accommodate the second source’s methods are im-
plemented and demonstrated during end item fabricatijon.

The Directed Buy

The second source’s first production lot award ustally is
directed by the government. The objective of the directed
buy 1s to avoid a production treak at the second source
facility while the qualification hardware undergoes final
testing. The directed buy is limited to minimize the risk
of nct meeting operational requirements. This measure
also allows the second source to ramp-up i%s production
line to support future production rate requirements. It
requires the second source to utilize its own vendor base
and manufacturing techniques prior to competitive awards
to ﬁ;sure that qualified production units can be fabri-
cated.

QUALIFYING THE SFCOND SOURCE

The purpose of the qualification phase is to have the
second source demonstrate ability to manufacture hardware
that conforms to the TDP including all specifications.
This phase involves hardware fabrication, assembly, and
testing to determine TDP compliance by the second source.
The testing phase involves a duplication of initial
source production qualification tests and limited per-
formance testing. The components of an integrated second
source qualification progrem include:

® Ccaponent verification -- The inspection, testing,
and analysis of compcounents purchased or manufactured
by the second source. The purpose of component veri-
fication is to demonstrate the second source’s ability
to purchase or manufacture components that meet speci-
fications

Process verification -- Demonstration by the second
source that 1its materials, tooling, equipment, work-
manship, and associated paperwork are equivalent to
those established by the initial source and identified
in the TDP

Acceptance tests -- Testing of the second source’s

full-up system. The purpose of these tests is to
demonstrate under controlled conditions that the sys-
tem produced by the second source is functionally
identica’ to the system produced by the initial source

PCA -- performed on production representative items,
The purpose of the PCA is to confirm that the "as-
built" production configuration of the hardware pro-
duced by the second source conforms to the system
specifications and drawings.

MANAGING THE PROCESS

DEVELOPING A TECHNOLCCY TRANSFER PLAN

A TTP, should bLe prepared prior to the preparation of the
statement of work. It then serves as the technical base-
line for contract provisions The level of detail of the
plan depends upon the maturity of the weapon system. The
plan serves as the guiding document for all program per-
sonnel associated with the technology transfer effort.
As such, it functions as the cornerstone for more de-
tailed, subordinate plans such as configuration manage-

ment, production, manufacturing and logistic support
plans A basic outline of a TIP would include the pur-
pose of the TTP and the dual source objectives, a de-
scription of the weapon system, an overview of the
acquisition :strategy, initial and second source make/buy
vlans, management structure, initial and second source
responsibilities, configuration management, data trans
fer, and establishment of the cecond source prcduction
line.

ESTABLISHING THE MANAGEMENT STRUCTURE

To ensure prr.-am objectives are met, the government must
retain overa. management authority for the dual source
effort. Once the decision to dual source has been made,
the program manager should appoint a dual source program
manager within the program office to monitor, manage, and
execute the program. A dual source program staff may be
organized either by function or activity. A functional
organization works well either when the overall program
is a self-supporting entity staffed with sufficient per

sonnel who are capable of carrying cut the dual source
requirements o when the program office has a clearly
defined dual source cadre with the responsibility and
authority to manage and work with matrixed, functional
support. An activity-oriented organization may be morc
effective when dual sourcing a technically complex or
schedule sensitive program.

A simple contractual requirement to have one contractor
transfer technology to another does not ensure that such
a transfer will occur in a timely, efficient manner. To
facilitate the process a technology transfer working
group (TTWG) can be used.

The TTWG, composed of functional and management represen-
tatives of the government and both contractors, is re-
sponsible for coordinating and facilitating technology
transfer between the two contructors, whether th: trans-
fer is to be a bilateral or unilateral exchange. It con-
ducts technical reviews and technical interchange
meetings to ensure that program performance and control
are maintained at acceptable levels. The program office
may i1cqQuest the contractors to establish or participate
on a TTWG in order to effectively achieve dual source
objectives. The requirements for a TTWG should be ad-
dressed in the contractor agreements and the TTP.

DEFINING CONTRACTOR AGREEMENTS

Technology transfer is implemented through government
contractual provisions with both contractors and through
contractor-to-contractor agreements. The contractor
agreements normally are developed and negotiated by the
contractors; however, the program office must ensure that
the contractor agreements support the objectives of the
dual source program.

A contractor agreement may facilitate dual sourcing by
establishing the basis for exchange of data between con-
tractors and defining the terms and conditions of the
data exchange. Based on the statement of work and dual
source objectives, an agreement details the guidelines
and restrictions nrecessary to effect complete transfer of
proprietary or company-sensitive data and may make provi-
sions which allow each of the contractors to have access
to each other’s facility. Roles and responsibilities of
each contractor during the technology transfer phase may
be defined.

PROVIDING INCENTIVES

One of the most controversial areas of technology trans-
fer is the development and application of effective in-
centives. Prior programs have employed incencives to
enhance technology transfer; however, the effectiveness
of those incentives is difficult to assess. The fundamen-
tal issue is that there is no incentive large eno'gh to
compensate an initial source for lost production volume
due to dual sourcing.

The key component of an effective incentive is a clear
understanding of each contractor’s motivations. Often the
focus is purely financial such as award fees; hLowever, a
financial award may mean little to a contractor who is
faced with a large potential loss of production volume.
Alternately, a contractor may be more effectively moti-
vated by elements such as cash flow, production volume

or procduction stability.




Another financial incentive approach is the use of penal-
ties or awards based upon the attainment of specific
milestones. For example, initial source progress payments
may be tied to key second source milestones. Application
of this type of incentive requires that the initial
source be contractually responsible for key technology
transfer efrorts.

On new-start programs, the program office can require the
system developer to qualify a second source as part of
the FSD contract. This approach includes the delivery of
initial production hardware fabricated by the second
source. The initial source becomes financially responsi-
ble for delivery of those hardware items. Failure of the
second source to qualify implies that the initial source
will produce and deliver the contracted items at no addi-
tional cost to the government.

Prior programs have employed a guaranteed minimum split
as a technology transfer incentive. That is, a portion of
the competitive buy is committed to the initial source
based upon timely completion of technology transfer This
incentive builds upon the contractor’s desire for }:oduc-
tion volume and a stable production base.

CONTROLLING THE CONFIGURATION

One of the mcst often cited cuncerns over dual sourcing
is the deployment of multiple variants of an end item.
Prior dual source programs have avaided this complication
through an integrated technology transfer program and
diligent configuration management.

Current DoD guidance does not explicitly provide for man-
aging a weapon system’s configuration in a dual source
environment. It is the responsibility of the program man-
ager to establish configuration control procedures that
will satisfy all program objectives, including dual
sourcing. When developing a configuration management ap-
proach, the purpose of dual sourcing and the type of
equipment involved should be the primary drivers.

The technology transfer strategy and the level of con-
figuration control required by the program office jointly
determine the relationship between the initial and the
second sources. Under a teaming or leader-follower ap-
proach, the lead contractor (or the team if it is a joint
venture) is responsible for the overall design and per-
formance of the weapon system. As the design agent, that
contractor i3 responsible for ensuring all relevant tech-
nology (including changes as they are approved) is commu-
nicated to and implemented by the sc~ond source. Under a
TDP approach, where there is no direct technical inter-
change between the two contractors, it is the responsi-
bility of the program office to ensure an adequate
drawing package and associated changes are distributed to
the second source in a timely manner.

It is essential that the configuraticn management ap-
proach be in place from the outset of a cual source ef-
fort, particularly with direct contractor-to-contractor
technology transfer. The program office defines configu-
ration objectives and their relation to overall program
and dual sourcing goals, and explicitly conveys them to
the contractor. As par® of a request for proposal, con-
figuration management requirements are presented in terms
of objectives to be achieved and tied to specific prograam
milestones. The initial source then responds with a de-
tailed configuration management plan that accommodates
the unique aspects of its internal configuration manag.-
ment system, the second source’s system, and how the two
plans interface. In addition, the plan describes how
baselines are to be managed.

DEFINING MILESTONES

Interim program milestones are crucial to assessing tech-
nology transfer progress and to establishing confidence
in the second source’s ability to produce the end item.
Caraful def;nition of interim milestones provides the
program office with a mechanisz for managing and reducing
risk. Potential milestones include:

® Control and validation of the data package
® (Critical process demonstrations

® Subsystem and component verification and intcrchan-
geability demonstrations

Kit assembly and checkout
Fabrication of qualification units

e Qualification testing

® Directed buy

® PCA.

SELECTING A CONTRACT VEHICLE

Contractual requirements for the initial and second
sources are complementary to ensure a cohesive technology
transfer effort. Once the statements of work are defined,
the contract type is developed based upon risk, schedule
urgency, and potential incentives.

The contract type varies depending upon the technology
transfer approach and the maturity of the program. For
new-start programs, technology transfer requirements are
tied to the initial source‘’s FSD contract. This provides
the program cffice with the leverage of the FSD and pro-
duction programs. For more mature programs, the initial
source effort is tied to that contract effort that has
the greatest unexpended financial balance.

If the second source is to be a prime contractor to the
government, the contract type and the use of options must
be assessed. Key elements that are considered include ma-
turity of the system, quality of available data, and
technical complexity. Incentives may be incorporated to
enhance schedule acceleration and/or cost control. Op-
tions also are incorporated for a limited production buy.
This approach is helpful in simplifying contracting re-
quirements and in providing insights into an offeror’s
production pricing strategy during selection of a second
source.

CONCLUSION

Once the decision has been made to dual source a program,
thorough planning will enhance succossful technology
transfer. The reasons for pursuing a dual source strat-
egy are varied - from cutting costs to ensuring supply.
Strategies currently used to dual source include TDP,
leader-follower, contractor teaming and licensing. The
actual technology transfer process involves the exchange
or transfer of data, the provision of support, establish-
ment of the second source production Jine and qualif-
ication of the second source. The management of that
process involves developing a technology transfer plan,
establishing a dual source management structure, obtain-
ing contractor agreements, devising incentives, managing
the configuraticn, defining measurable milestones, and
choosing the contracting strategy.

The dual source development process should be thoroughly
planned in order to ensure the majority of potential is-
sues have been addressed and &n effective implementation
plan has been developed.
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ABSTRACT

According to the Federal Acquisition Regulations
(FAR Section 31.205-18), Independent Research and
Development (IRED) is the technical effort
independently initiated and sponsored by a
contractor in support of its own product develop-
ment. It is not required in the performance of a
government contract or grant. Bid and Proposal
(B&P) expenses are costs incurred in preparing,
submitting, and supporting bids and proposuls

on both potentisl government and non-goverrment
contracts.

The current legislation covering IR&D, Public Law
91-441, the DoD Appropriation/Authorization Act of
1971, was an outgrovth of extensive dialogue
regarding IR&D policy during the 1960's.

About 10X or $§5 billion of an estimated $50
billion in IRED/BSP expenditures are spent by
companies doing business with the federal
government. Two of the predominantly used methods
for cost recovery of the $5 billion are: (1) the
Advance Agreement Method and (2) the Formula
Method. The Advance Agreement Method is used when
the contractor's previous year recovery from
government agencies exceeds $4.4M,

A third and less frequently usiJ method is a
Non-Mandatory Advance Agreement Method which, 1like
the Formula Method would be used only 1if the
IRED/BLP recovery from government agencies was
balow $4.4M.

The overall process of these methods is discussed
in detail on the attached pages.

49

INTRODUCTION

Independent Research and Development and Bid and
Proposal, referred to as IR&D/B&P, are necessary
costs of doing business. Since products have to be
developed and then marketed, contractors either
recover the cost from commercial or government
customers through inclusion in product pricing or
through profit. This paper will cover the procees
by which the federal government, primarily DoD,
participates in paying a share of this cost.

According to the Federal Acquisition Regulations
(FAR Section 31.205-18), Independent Research and
Development (IRED) is the technical effort indepen-
dently initiated and sponsored by a contractor in
support of its own product development. It is not
required in the performance of a government con-
tract or grant. By definition IR&D ranges from
basic and applied research to development and
slso includes system and concept formulation
studies. Bid and Proposal (BiP) expenses are
costs incurred in preparing, submitting, and
supporting bids and proposals on both potential
government and non-government contracts. There
is often a gray area betwveen a company's IRED
activities and their B&P activities since many
times BiP efforts require knowledge gained
through IRED for submission of successful techni-
cal propossz’ - The potential for overlap
between the t o activities occurs since some IR&D
costs are in direct support of potentisl B&P
efforts and could be .harged to either account.

Background

IR&D costs have been reimbursable in some form
since 1940. The current legislation covering
IRED, Public Law 91-441, the DoD Appropriation/




Authorization Act of 1971, was an outgrowth of
extensive dialogue regarding IR&D policy during
the 1960's. Many issues were being raised on the
value of much of the IR&D to the federal govern-
ment. The Government was questioning whether it
should pay for research that supports commercial
product development only. Also, questions were
raised concerning whether there was duplication
of funding by giving the contractors money for
IR&D and then again for research on a contract.

This debate resulted in restrictions in the 1971
Public Law 91-441. (8) This law permits DoD to
reimburse contractors for IR&D/B&P costs as an
overhead expense. Section 203(a) of the law
requires that IR&D/B&P costs must have & "potential
relationship to a military function or operation”
to be allowable. This requirement is commonly
referred to as PMR,

Methods of Cost Recovery

When considering the industry as a whole, about 10X
or $5 billion of an estimated $50 billion in
corporately funded IR&D expenditures are spent bty
companies doing business with the federal
government. Two of the predominantly used methods
for cost recovery of the $5 billion are: (1) the
Advance Agreement Method and (2) the Formula
Method. The use of a particular method depends
upon the contractor's amount of recovery from
government agencies in its preceding fiscal year.
The greatest amount of dollars are recovered
through the Advance Agreement Method. This method
i1s used when the contractor's previous year
recovery from government agencies exceeds $4.4M,
The contractor must submit technical plans and cost
proposals for planned IR&D/BEP which form the basis
for a negotiation of cost recovery. The
negotiation results in a ceiling dollar amount
which is added to the G&A expense pool for
development of a G&A rate.

The Formula Method ranks second in cost recovery
for IRSD/B&P costs., This method is utilized 1f the
contractor's total IRGD/B&P recovery from govern-
ment agencies in the preceding fiscal year was less
than $4.4M. Once a ceiling amount is set by
formula, recovery of that amount is through G&A

as described above.

A third and less frequently used method is a
Non-Mandatory Advance Agreement Method which, like
the Formula Method would be used only if the
IR&D/B&P recovery from government agencies was
below $4.4M. As a general rule, this method is
used by small and fast growing companies when
application of the formula may be inequitable.

Overall Process

The overall process of the three IRSD and B&P cost
recovery methods is depicted in Table 1, and each
of these methods is discussed in detail in the
remainder of this paper.
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Mandatory Advance Agreements

The majority of DoD cost recovery for IRED/B&P is
through the mandatory advance agreement. Some
materials for reference include FAR 31.205-18, FAR
42,10, SECNAV Instruction 3900-40B, and DoD
Instruction 3204.1. Listed below is a step by step
procedure applied to Mandatory Advance Agreements
and some problems related to the process:

Companies that have received IR&D and B&P payments
in excess of $4.4M from government agencies in
their preceding fiscal year, either ss a prime or

a subcontractor must negotiate advance agreements.
Negotiations are conducted at the corporate level
once this initial threshold is met. Separate ceil-
ings may be negotiated at the division level if the
corporate level i3 met and recovered IR&D and B&P
costs exceed $550,000 for the division.

Prior to the start of its fiscal year, the contrac-
tor submits a cost proposal to the lead service
Tri-Service Negotiator (TSN). The lead assignment
is determined by which military service has the
greatest volume of business with the contractor.

At the same time, a mini-plan listing and briefing
descriptions of IRSD projects to be performed is
sent to the lead service assigned technical
evaluation responsibility. The purpose is to
allow for a determination of potential relation-
ship to a military function or operation (PMR) of
each project in accordance with Public Law 91-441,
Section 203. These determinations are provided to
the responsible TSN, B&P listings are provided
directly to the TSN for PMR determination.

No later than 90 days after the start of its
fiscal year, the contractor must distribute a
technical plan fully describing the individual
projects comprising its IR&D program to evaluating
activities designated by the lead service
technical evaluation office. The purpose is

to provide a determination of technical quality,
as required by the law for consideration in the
negotiation process. Results are provided to the
TSN for use in negotiations. Companies are
provided with appropriate feedback on their
ratings as well.

The TSN negotiates the entire cost ceilings of
IRGD and B&P, This includes the contractor's
allowable and recoverable IR&D and B&P from DoD,
other government agencies, and commercial
contractors. Determination of the ceiling is
through application of rules set forth in FAR
42.1006 and involves comparison of the current
year proposed IR&D and B&P programs. Although
called advance agreements, the agreements are
usually not actually negotiated until well into a
company's fiscal year.

DoD's share is not separately negotiated by the
TSN, Once the ceiling is negotiated, it is added
to the G&A cost base and rates are determined. The
DoD share is the amount recovered through G&A from
contracts performed for DoD.




It is the contractor's responsibility to request an
advance agreement. If a company fails to initiate
negotiations, no cost will be allowable for IR&D
and B&P. If no agreement is reached (which

happens very rarely) the contractor can be paid
much less than what they would have been entitled
to had an agreement been reached.

The Industry side argues that long and irrelevant
negotiations delay the IRSD and B&P advance
agreement process. They also suggest that the
technically superior projects do not receive due
credit at the negotiation table. The military
services see the technical review process as an
opportunity to press contractors to support their
services' current program priorities,

Formula

This method is used for companies which recovered
less than $4.4 million IRED costs from government
agencies in their preceding fiscal year. The
formula {s described in detail in FAR 31.205-18 (c)
(2). Under the formula method, generally the
following apply:

= The contractor must have at least three years
of historical data. If they don't then they
can use the non-mandatory advanced agruement
which is explained later.

~ The contractor's IR&D and BEP recovery in the
preceding fiscal year from government agen-
cies was less than $4.4 million.

-~ No technical plan is submitted and therefore
PMR is not an issue.

- It is applicable equally to large and small
contractors.

- The contractor may get assistance from their
ACO in applying and calculating the formula.
An example of how the formula works is
shown on Table II,

Non-Mandatory Advance Agreements

Generally, the non-slandatory agreement is considered
a relief from the formula vhen inequities result
because (1) the contractor's IRED and BLP expenses
are in excess of the amounts considered reasonable
by the formula or (2) the contractor incurred
lictle or no IRSD and B&P expenses in prior years
and had no basis for the formula. This is an
especially relevant avenue for small and fast
growing companies., A detailed description of the
non-mandatory agreement is set forth in Defense
Logistics Agency Manual (DLAM) 8105.1, Ch. 6,
31.109-4(1). Some of the general principles- that
apply to these agreements are:

- The contractor's preceding fiscal year for
IRSD and BEP recovery from government agen-
cies was less than $4.4 million,

- Inclusion of PMR in the “echnical plan adds
favorably to the acceptance of costs proposed.
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~ There are no technical quality rutiags but
there is a technical plan wvhich 1s submit-
ted to the contractor's cogniza: t ACO,
Government technical reviev is requested as
necessary.

« There can be less than 3 years of historicsl
cost data but there usually ia more than one.

- They are applicable equally for large and
small contractors.

- The TSN offices rarely get involved in these
non-mandatory agreements. The cognizant ACO
negotistes nearly all of them. The contrac-
tor may get assistance trrom their ACO concern-
ing application of the non-mandatory advance
agreements.

- As in a mandatory advance agreement the
contractor should submit cost proposals and
technical plans within 90 days after the
start of the contractor's fiscal year.

CONCLUSION

Throughout its existence, the topic of IRD has
continued to be a subject of controversy. Of what
value is IRED to the federal government? Ilsn't the
government duplicating payments to contractors by
paying for IRD and then RéD under a contract? Why
does the IR&D require PMR in order for the
government to reimburse the costs? Most all of
these questions continue to exist in some fashion.
DoD has attempted to reduce some of the ambiguity
of the IRLD reimbursement process by the
incorporation of more structured approaches: the
mandatory advance agreement and formula as set
forth in the FAR, and the non-mandatory advance
agreement as set forth in the DLAM. The government
needs industry's defense-related IRED projects as
such as industry needs government's participation
in its IRED costs. Since it continues to be an
unavoidable cost of doing business which {s borme
by industry, it is likely that continued efforts
will be made by DoD to clarify and simplify the
process for fair and reasonable participation in
industry's IRED expenses.
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A
Sales
1986
1987
1988
1989

*Two highest

$ 500,000

$1,000,000
$2,000,000
$3,000,000

TABLE II
B

IR&D/B&P

Incurred

$30,000*
$20,000
$70,000%

c

IRED/B&P 2 Derived
From Ratio

6X%
27
3.5%+

Historical Ratio

Average Annual Cost

6% + 3.5 = 9.5% = 2 = 4,752

$30,000 + $70,000 = $100,000 + 2 = $50,000

® Product

4.752 x $3,000,000 = $142,500

¢ Ceiling

1202 x $50,000 = $60,000

* Floor

80X x $50,000 = $40,000

How to determine the allowable
amount of IRED and B&P from

this example:

The product ($142,500) shall be considered
allowable if it does not exceed 120X of
the average ($60,000).

The product ($142,500) shall be considered
allowable if it is less than 80X of the

average ($40,000),

In this example, since the product exceeds 1201 of the average and the product is
not below 802 of the average, the allowable IRLD 1s $60,000.
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ESTIMATING SYSTEMS—THE NEW EMPHASIS
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ABSTRACT

The 1980's have seen the effectiveness of contractor es-
timating systems seriously questioned. The General Ac-
counting Office (GAO) reported to the House
Subcommittee on Legisiation and National Security that
contract audit surveiliance activities of contractors’ es-
timating systems needed improvement. The Department
of Defense (DoD) office of the Inspector General (1G) Is-
sued reports on DCAA's Evaluations of Contractor Cost
Estimating Systems. The House Committee on Govern-
ment Operations also Issued its report, “Overpricing of
Defense Contracts ls Extensive, Expensive and
Avoidable”.

In response to these and other inquiries, the last three
years have seen a new regulatory emphasis on contrac-
tor estimating systems. The FAR and the DFARS have
both been updated, placing new requirements on contrac-
tors, contracting officers, and DCAA auditors.

This paper discusses some of the issues relevant to par-
ties interested in DoD procurement activities. In particular,
what the FAR requiree why the DoD sees a need to up-
date the DFARS, and vhat the new DFARS regulation re-
quires. Care is taken to present the history of the
regulatory process, examine the audit responsibilities of
contracting officers and the DCAA, and discuss the
responsibilities of contractors. Estimating system dis-
closure requirements and standards are defined for all
contractors. Surveys of contractors have gathered infor-
mation that provides a picture of the current status of es-
timating system implementation. Finally, some thoughts
on contractors’ use of software In their estimating sys-
tems are presented.

INTRODUCTION

in March 1988, the Department of Defense (DoD) publish-
od its final rule on contractor cost estimating systems.
This revision of the Defense Federal Acquisition Regula-
tion Supplement (DFARS)(1) places new demands on

DoD contractors, contracting officers, and auditors. It
beefs up considerably the rather hazy Federal Acquisition
Regulation (FAR)(2) coverage on estinfating systems by
stating in more specific terms what Is required in an es-
timating system, by making clear that all DoD contractors
are required to have estimating systems, and by provid-
ing thresholds for disclosure and review of large-company
systems.

The DFARS defines "Estimating System" as a term used
to describe a contractor's policies, procedures and prac-
tices for generating cost estimates which forecast costs
based on Information that is available at the time. It in-
cludes the organizationa’ structure; established lines of
authority, duties and responsibilities; internal controls and
managerial reviews; flow of work, coordination, and com-
munication; and estimating methods, techniques, ac-
cumulation of historical costs, and analyses used by a
contractor to generate estimates of costs and other data
included In proposals submitted in the expectation of
receiving contract awards.

An estimating system should be consistent with and in-
tegrated with the contractor's related management sys-
tems, and should be subject to applicable financial control
systems. To be considered adequate, a contractor's es-
timating system must be established, maintained, reli-
able, consistently applied, and must produce verifiable,
supportable and documented cost estimates.

Effects of the rule will be widespread and significant. All
contractors submitting cost or pricing data to DoD must
have an ecimating system that produces well-supported
proposals forming an acceptable basis for negotiating fair
and reasonable prices. A clause requiring this will be in-
serted in all solicitations and contracts to be awarded on
the basis of certified cost or pricing data. In addition, the
clause will require certain large contractors to disciose in
writing their estimating systems to the contracting officer
responsibie for contract administration.




in this paper we will discuss the contracting environment
and background that has fostered the new emphasis on
estimating systems; the requirements of the DFARS
regulation; the government review process; the results of
a survey that provide some indication of the current
status of estimating system implementation; and some
thoughts on contractors’ use of software in the estimating
process.

WHY THE NEW RULE?

The DFARS regulation on estimating systems, as we
shall discuss in some depth later, is by no means a clear-
cut cookbook approach; it stresses general guidelines
rather than specific, detailed requirements. In contrast to
previous government guidance, however, it can be con-
sidered a significant move toward regulating DoD govern-
ment contractors’ estimating methodologies.

The FAR guidance (which the DFARS rule supplements)
has historicaily been even more general in nature, and
directed primarily to the cognizant auditor rather than the
contractor or contracting officer. Here is the current text
of FAR 15.811, Estimating Systems:

“(a) The consistent preparation of proposais using an ac-
ceptable estimating system benefits both the Government
and the contractor by increasing the accuracy and
reliability of individual proposals. Cognizant audit ac-
tivities, when it s appropriate to do so, shall establish and
manage regular programs for reviewing selected
contractors’ estimating systems or methods, in order to
(1) reduce the scope of reviews to be performed on in-
dividual proposals, (2) expedite the negotiation process,
and (3) increase the reliability of proposals. The resuits of
estimating system reviews shall be documented in survey

reports.

(b) The auditor shail send a copy of the estimating sys-
tem survey report and a copy of the officlal notice of cor-
rective action required to each contracting office and
contract administration office having substantial business
with that contractor. Significant deficiencles not corrected
by the contractor shall be a consideration in subsequent

proposal analyses and negotiations.

{c) In determining the acceptability of a contractor's es-
timating system, the auditor should consider—

(1) The source data for estimates and the procedures for
ensuring that the data are accurate, compiete, and cur-
rent;

(2) The documentation developed and maintained in sup-
port of the estimate;

(3) The assignment of responsibilities for originating,
reviewing, and approving estimates;

(4) The procedures followed for deveioping estimates for
direct and indirect cost slements;

(5) The extent of coordination and communication be-
tween organizational elements responsibie for the es-
timate; and
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(6) Management support, including estimate ap~roval, es-
tablishment of controls, and training programs.”

The FAR guidance applies to all government agencies, in-
cluding both defense and civilian, while the DFARS ap-
plies only to defense agencies. The DFARS states that its
coverage on estimating systems “provides, for the con-
venience of DoD activities, a consistent but more detalled
and comprehensive treatment of estimating system
policies and procedures than FAR 15.811.° As yet, none
of the other agencies who provide regulations to supple-
ment FAR have issued guidance that would provide more
detailed coverage on estimating systems as does the
DFARS. Thus at this time civillan agencies are required
::!yntofolowtho more general guidance outiined in the

Until DoD issued DFARS 215.811, defense agencies also
were controlied only by the FAR ruies. However, the
Defense Contract Audit Agency (DCAA), in accordance
with its FAR responsibliities as cognizant auditor,
developed audit guidance for its auditors to use in
reviews of estimating systems. This guidance was pub-
lished in its Contract Audit Manual (CAM)(3), and was
thus available to contractors as a source of information
for establishing their estimating system, or for evaiuating
and refining their system in anticipation of audit review.

While somewhat helipful to contractors, the DCAA
guidance did not have the force of reguiation, and it was
avallable to only those contractors with the knowledge
and experience o know of iis existence and avaiiability.
Also, because It was only "guidance”, it was not imple-
mented in the fleld with total uniformity. Some DCAA of-
fices treated it as the gospel and followed R very closely,
while others considered it a guideline subject to interpreta-
tion and adaptation based on the environment and cir-
cumstances of the individual application.

Another problem with the CAM guidance on estimating
systems was that ik changed over time and was apparent-
ly not always fully understood by field auditors. The
guidance historically provided for joint team estimating
system surveys under CAM 9-1100, Joint Team Surveys
of Contractor Estimating Systems. This section stated
“...provides guidance for survey of contractor estimating
systems to be performed jointly by DCAA/contract ad-
ministration teams under DAR 3-809(c)(4)(ii)."

Then in January 1982, DCAA lssued its first guidance on
‘real time" reports. The idea here was to have auditors
lssue reports on estimating deficiencies as they found
them during proposal reviews, instead of walting for an
estimating system survey 10 inform the contractor and
contracting officer of the problem. As time went by, some
DCAA auditors apparently assumad that real time report-
ing either eliminated or reduced the need for joint
reviews. As a resukt, DCAA noted a decline in perfor-
mance of joint team reviews. This was corrected by
clarification guidance issued in May 1985.

it was about this time that the effectiveness of contractor
estimating systems began to be seriously questioned.
The General Accounting Office (BAO) reviewed a num-
ber of contractor plants and reported to the House Sub-
samittee on Legisiation and National Security that




contract audit surveillance activities of contractors’ es-
timating systems needed improvement.(4) The GAO fol-
lowed up with a full review of contractor estimating
systems in 1986 and 1987 and conciuded that despite the
reliance placed on cost estimating systems by contracting
officers, contractors were not being required to maintain
adequate estimating systems. Frank C. Conahan, Direc-
tor, Nationai Security and International Affairs Division of
GAO, testified before the subcommittes(5) that existing
regulations did not contain the standards needed to judge
contractor estimating systems. In & June 3, 1987, letter to
the Secretary of Defense, Mr. Conahan recommended
that the Secretary direct DoD personnel to asssmble and
refine standards which clearly define what constitutes an
acceptable system.

in the meantime, the DoD Inspector General was a'so ac-
tive in the estimating system arena. In April 1986 and
May 1987 the DoD IG issued reports on “DCAA’'s Evalua-
tions of Contractor Cost Estimating Systems."(6) Some of
the recommendations:

To require jcint estimating system reviews and budget
pregaration and execution reviews be performed a min-
imum of every three years

To have auditors rtecommend written estimating sys-
tems for contractors with substantial government busi-
ness.

To include in DCAA guidance provisions for recom-
mending disapproval of contractors’ estimating sys-
tems when joint, follow-up, and/or real time reviews
disclose significant reported deficiencies have not
been corrected.

The House Committee on Government Operations aiso is-
sued lts report, “Overpricing of Defense Contracts is Ex-
tensive, Expensive and Avoidable.”(7) Two of the
recommendations in the report were aimed at DCAA's
coverage of estimating systems:

To require DCAA 1o estabiish a program for carrying
out periodic, in-depth reviews of contractors’ estimating
systems.

To establish criteria for determining what constitutes
an adequate cost estimating system.

What caused all these government entities—the DCAA,
the DoD IG, the GAO, and Congress itself, to pay so
much attention to DoD contractor estimating systems?
One obvious stimulus was the rash of "horror stories” In
the press deciaiming outrageous prices for spare parts—
$400 hammers, $9600 allen wrenches, $7400 coffee
pots. These and other reported examples of pricing
problems stirred congressional committees to action. In
1983 and 1984, hearings were heid by the following com-
mittees:

Houss Government Operations Committee
House Armed Services Committee

House Small Business Committee
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Senate Appropriations Subcommittee on Defense
Senate Armed Services Commitiee

Senate Governmental Affairs Committee

Senate Small Business Committee

us:;m- Judiclary Subcommittee on Administrative Prac-

Secretary of Defense Weinberger ordered the DoD IG to
perform a comprehensive review of spare parts pricing.(8)
The review encompassed 95 contractors at 460 locations,
some 11,602 pricing actions valued at $87.1 billion. Fol-
lowing are examples of findings in that audit:

Material costs not updated

Lower negotlated purchase order prices not disclosed
Work order (lot) history not updated

Vendor quotes not current

Inaccurate labor standard adjustments used
Accelerated deliveries (sarlier lots) not disclosed
Gain on sale of capital assets not disclosed

Labor rates/factors not current

Factory overhead forecast not disclosed

Tool and test equipment cost data not disclosed

Thus the spare parts overpricing problem was seen to be
caused, in large pan, by deficiencies in contractor estimat-
ing systems.

Another factor that focused attention on estimating sys-
tems was a continuing high level of defective pricing

being uncovered and reported by DCAA. Public Law 87-
643, the Truth in Negotiations Act(S), requires contractors
(wih some exceptions) to certify that their cost or pricing
dala are accurate, complete, and current. Covered con-
tracts that do not meet this requirement are considered to
be defectively priced; the contracting officer can unilateral-
ly reduce the contract price.

According to Willlam H. Reed, DCAA Director, during
1985, 1986 and 1987, DCAA averaged about 850 posi-
tive findings per year—that is, the auditors found defec-
tive pricing on that many contracts. Of particular
significance was that they found defective pricing on half
the contracts they reviewed. They recommended contract
price adjustments of $933 million per year, on
average(10).

Many in the contracting community and in Congress
came to the conclusion that the high incidence of defec-
tive pricing was attributable to poor estimating systems.
Willlam J. Sharkey, DCAA Assistant Director of Policy
and Plans, enumerated the following indicators of estimat-
ing deficiencies(11):




The lack of cleasly documented contractor policies,
standard procedures, and methods covering the es-
timating system area.

Nonexistent, out-of-date, or inadequate support for fac-
tors used in the proposal.

Failure to perform an adequate review of proposed
subcontracts prior to the submission of the proposal.

The lack of budgetary data beyond the current year.

Policies which require that all possible production effort
remain within the company, regardiess of the compara-
tive cost of the effort.

Proposing material on a stand-alone basis and not con-
sidering other known requirements that might be or-
dered at the same time.

Froposing vendor quotes that do not consider history
which indicates that prices ultimately negotiated with
the vendors are lower than quoted.

Not considering or selectively using historical cost ex-
perience for similar programs.

Not considering residual inventories.
Applying escalation to firm vendor quotes.

By 1985, it was clear that contractor estimating systems
in general needed to be improved.

CHANGING THE RULE

in early 1986, behind the scenes effort to change the es-
timating system coverage in the FAR became visible.
Both the Air Force.and DCAA submitted proposals to the
DAR Council. These proposais were incorporated into
DAR Case 86-109 and were sent to the DAR Pricing
Committee for review. The review was lengthy.

In April 1987, Congressman Jack Brooks, Chairman of
the Legisiation and National Security Subcommittee, heid
a hearing on defense contractors’ estimating sys-
tems(12). In his testimony, Frank Conahan of the GAO
presented a number of examples of estimating deficien-
cies, and stated that the Alr Force and DCAA FAR
amendments proposed in June 1986 would be a good
starting point to arriving at acceptable contractor estimat-
ing systems. Dr. Robert Costelio, then Assistant
Secretary of Defense (Acquisition and Logistics), testified
that the DAR Council would act on the contractor estimat-
ing case in the next several months.

On July 17, 1987, a proposed rule to the DoD FAR Sup-
plement was published in the Federal Register(13). The
summary stated:

“The Defense Acquisition Regulatory (DAR) Council is
proposing to revise Section 215.811 to the DoD FAR Sup-
plement (DFARS) to (1) require that certain large busi-
ness entities establish and maintain adequate estimating
systems, depending on the dollar value of contracts
received in the preceding flscal year; (2) provide

58

guidelines for and characteristics of adequate estimating
systems; and (3) provide procedures for conducting es-
timating systems reviews by the government.®

Public comments on the proposed ruls were to be sub-
mitted to the DAR Council by September 15, 1987.

Agency members of the DAR Pricing Committee had not
been unanimous in approving the language in the
proposed rule. Members representing the Air Force,
DCAA, and the Assistant Secretary of Defense (Comp-
troller) submitted minority reports expressing concern that
the proposed coverage failed to protect the government's
interest. The major objection was that the proposed rule
would aliow contracting officers to proceed with negotia-
tions when part of a contractor's system had been disap-
proved. The minority opinion was that the government
should be protected by either making the correction of all
deficioncies a condition of contract award, or by including
a cost savings clause in contracts that would allow the
government to recover overpricing that resulted from sig-
nificant sstimating deficiencies.

After receipt of the public comments, The DAR Council
elected to have its staff review the comments and make
revisions to the proposed rule. They did this rather than
follow the more usual pracedure of sending the com-
ments to the Pricing Committee members for them to
review and incorporate into a final rule. This may have
been done to make for more expeditious issuance of the
final rule, considering the differences of opinion among
the Pricing Committes members. However, the first rea!
revisions were not made until December 1987 when in a
series of meetings the DAR Council decided on the follo
ing:

Added

A policy statement that all contractors shouid have a
good estimating system

A statement that the estimating system should be in-
tegrated into and not be in conflict with other systems

As an indicator of potentlally significant estimating

deficiencies, the failure of the system to integrate with
other systems

Changed
Applicability levels for disclosing and review from $25
million mandatory, $10 million optional to $50 million
mandatory, $10 million optional

The definition of a significant estimating deficiency by
removing quantitative criteria

Deleted
The access to records portion of the clause

The requirement to advise the ACO at least 60 days
prior to making any changes to its estimating system

The DAR Council issued the finat rule on March 18, 1988,




THE FINAL RULE

As noted abovae, it ls DoD policy that all contractors have
adequate sstimating systems. In addition, certain large
contractors must disclose their estimating systems to the
administrative contracting officer and must respond to
any reports which identify deficiencies in the systems.

A contractor is subject to the disclosure and response
provisions If it is:

a large business and

in Its prior fiscal year received DoD prime contracts or
subcontracts for which certified cost or pricing data
were required totalling $50 miliion or more; or

in its prior fiscal year received such DoD contracts
totalling $10 million or more when the contracting of-
ficer determines it is in the best interest of the govern-
ment.

it a contractor ls required to disclose its estimating system
to the ACO, the disclosure must be adequate. A dis-
closure is adequate when the documentation:

accurately describes the policies, procedures and prac-
tices used in preparing cost proposais; and

provides sufficient detall for the government to
reasonably make an informed judgment regarding the
accuracy of the contractor's estimating practices.

in order to meet the maintenance requirement, the con-
tractor must disclose any significant changes to the cost
estimating system on a timely basis to the ACO.

The DoD rule does not spell out specific requirements for
adequate estimating systems, but instead provides
general guidance. It states that adequacy is dependent
on the successful interrelationship of many variables. The
relative importance of each is determined by the par-
ticular circumstances facing sach contractor. In general,
adequate systems shouid:

provide for the use of appropriate source data

utilize sound estimating techniques and appropriate
judgment

maintain a consistent approach, and
adhere {0 estabiished policies and procedures.

The rule also lists examples of the types of characteristics
which should be considered by the ACO when evaiuating

a system. Though not intended as a checkiist, they will be
useful to government and contractor personnel alike. The

ACO should consider whether the contractor's estimating

system:

establishes clear responsibility for preparation, review
and approval of cost estimates;

provides a written description of the organization and

duties of personnel preparing, reviewing, and appro 59

ing estimates, and ths various functions that contribute
to the process (e.g., accounting, planning, etc.);

assures that personnet have sufficient training, ex-
perience and guidance to perform estimating tasks in
accordance with established procedures;

identifies the sources of data and the estimating
methods and rationale used in developing cost es-
timates;

provides for appropriate supervision throughout the es-
timating process;

provides for consistent application of estimating techni-
ques,

provides for detection and timely correction of errors;
protects against cost duplication and onrissions;

provides for the use of historical experience where ap-
propriate;

requires use of appropriate analytical methods;

integrates information available from other manage-
ment systems as appropriate;

requires management review including verification that
the company's estimating policies, procedures and
practices comply with the regulation;

provides for internal review of and accountability for
the adequacy of the estimating system, including the
comparison of projected results to actual results and
an analysis of any differences;

provides procedures to update cost estimates in a time-
ly manner throughout the negotiation process; and

addresses responsibility for review and analysis of the
reasonableness of subcontract prices.

The DoD rule provides further guidance on estimating sys-
tems by listing some indicators of conditions that may
produce or lead to significant estimating deficiencies:

failure to assure that relevant historical experience is
available and used;

continuing fallure to analyze material costs or to per-
form subcontractor cost reviews as required;

consistent absence of analytical support for significant
propcaed cost amounts;

excessive relilance on personal judgment where histori-
cal experience or commonly used stan Jards are avail-
able;

recurring significant defective pricing findings within the
same cost elements;

faliure to integrate relevant parts of other management
systems,;




failure to provide established policies, procedures and
practices to persons responsible for preparing and sup-
porting estimates.

The DoD regulation specifies detailed government review
procedures. Reviews are to be on a team basis with the
contract auditor designated as team leader. The next sec-
tion covers the review process in some detail.

Following the review, the auditor will issue to the ACO a
report outlining the findings and recommendations of the
review team. If there are significant estimating deficien-
cies, the report will recommend disapproval of all or part
of the estimating system. Fleld pricing reports will also
mention any significant deficiencies that remain un-
resolved.

The ACO will provide a copy of the audit report to the con-

tractor and allow 30 days for eubmission of its written
respor.se. If the contractor agrees with the report findings
and recommendations, it should make corrections to iden-
tified deficiancies or submit a plan of action for doing so.
If the contractor disagrees with the report findings, the
response should give the rationale for the disagresment.

The ACC, in consultation with the auditor, will evaluate
the contractor's response and determine whether

the estimating system contains deficlencies which
need correction;

any of the deficiencies are so significant as to result in
disapproval of all or a portion of the system;

any proposed corrective actions are adequate to cor-
rect the deficiency.

If there is a determination of such deficiencies, the ACO
will notify the contractor that corrections or a corrective
action plan are due within 45 days.

The auditor and ACO will r~onitor the contractor's
progress toward correction. it adequate progress is not
made, the ACO can consider the following actions:

bringing the issues to the attention of higher level
management;

reducing or suspending progress payments;
recommending nonaward of potential contracts.

if within 45 days the contractor has neither submitted an
acceptable corrective action plan nor corrected significant
deficiencies, the ACO will disapprove all or a portion of
the estimating system in writing. A copy of the notice of
disapproval will be sent to each contracting office and
contract administration office having substantial business
with the contractor.

Under the regulation, when a contracting officer deter-
mines that an estimating system deficiency has a sig-
nificant impact on a contract under negotiation, he or she
shoulid consider pursuing such alternatihves as:
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allowing the contractor additional time to correct the
deficlency and submit a corrected proposal;

considering another type of contract;

segregating the questionable areas as a cost reimbur-
sable line,;

reducing the profit or fee objective;

including a contract clause that provides for adjust-
ment of the contract amount after award.

After the rule was published, DCAA headquarters person-
nel noted one or two instances where the language might
be misinterpreted or misunderstood. They suggested
clarification be made. Defense Acquisition Circular No.
88-5 dated March 1, 1989, contained two minor revisions
Y0 clarify and facilitate understanding and appropriate ap-
plication of the requirements of DFARS 215.811."

THE REVIEW PROCESS

The rule provides rather general directions on the review
process. Audit and contract administration activities are
required to establish and maintain regular programs for
reviewing selected contractors' estimating systems.
Reviews are to be accomplished as a contract audit and
contract adminisiration team effort, with the auditor acting
as team leader. Teams will include audit, contract ad-
ministration and technical speciallsts.

Reviews will be made at least every three years of con-
tractors who meet the criteria for disclosure and main-
tenance requirements cited above. This period may be
exdended if the auditor and ACO determine that past ex-
perience and a current vuinerability assessment disclose
low risk. On the other hand, reviews will be done more fre-
quently if the auditor and ACO determine that the govern-
ment is at high risk.

The tule is clear about apprising the contractor of audit
findings. To the extent possible, the team leader should
inform the contractor and the ACO of significant findings
during the review, and should hoid an exit conference to
cover the significant findings at review's end.

The DCAA has developed a comprehensive audit pro-
gram(14) to be used for either tha comprehensive
reviews it continues to perform or the DCAA/contract ad-
miristration office team reviews required under the new
tule. Comprehensive reviews relate to effort expended
solely by auditors, although DCAA management recom-
mends that the audit office request technical assistance
on the qualitative aspects of the proposed direct materiai,
direct iabor, and other cost elements.

Under DCAA policy, the requirement for a team review
specified in the new rule may be waived or modified by
the written approval of the DCAA Regional Audit
Manager in coordination with the ACO, If past experience
and a current vuinerability assessment indicate low risk.
The policy also conforms to the rule requirement for more
frequent reviews if the government is found to be subjact
to high risk.




To assess the risk at each contractor location, DCAA
developed an estimating system vulnerabllity assessment
procedure (ESVAP) and included it as a supplement to
the audit program. The ESVAP Is used to determine
which contractors require an estimating system survey,
and the specific areas of vuinerability within the individual
contractor systems. The DCAA Headquarters guidance re-
quires that auditors complete the ESVAP on all contrac-
tors which in their preceding fiscal year received DoD
prime contracts or subcontracts totalling $50 miilion or
more, for which certified cost or pricing data was required.

Upon completion of the ESVAP and determination that a
team review is indicated, the review team uses the com-
prehensive audit program as a guide. The program, some
35 pages of detailed steps, may be compressed or
lengthened depending on an individual contractor's cir-
cumstances and results of the ESVAP. Following are the
main areas of coverage:

Preliminary Audit Effort

Review permanent files

Assess compliance of system with CAS
Determine extent of corrective actions taken
Coordinate with ACO and contractor (including
entrance conference)

Set up teum assignments

Review System for Adequacy and Compliance

Organization and assignment of responsibilities
Policies and procedures

Internal controls and managerial revievs
Cost accounting system

Budgets and forecasts

Cost estimate development

Proposal format and support

Direct materials and subcontracts

Direct labor

Other direct costs

indirect costs

Facilties capital cost of money

Special tooling/test equipment

Concluding steps Inciude summarizing findings and
recommendations, preparing a draft report, holding an
exit conference with the contractor, and issuing the final
report. The contractor has an opportunity to exprs. : its
reaction at the exit conference, and the final report will
contain this and the auditor's response to the contractor's
reaction. Procedures to be followed after the final report

is issued are covered in the previous section of this paper.

SURVEY RESULTS—ESTIMATING PRACTICES

Recent surveys(15) on estimating practices among con-
tractors turned up results that were both interesting and
surprising. The polls were condtcted at recent Touche
Ross seminars.

Attendees were asked whether their estimating proce-
dures were (1) written, (2) reviewed by DCAA, or (3) ap-
proved by DCAA. Aimost 40% of the attendees have no
written procedures. Over 80% either had no written proce-
dures, no DCAA review, or a DCAA review without a
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DCAA exit conference/response. Only 8% had passed a
DCAA review; 12% he 3 flunked.

Techniques for estimating material costs varied sig-
nificantly. About 35% say that they attempt to use
material prices that are no older than six months for at
least 80% of the material dollars. About 10% use the
most recent material price regardiess of age. About 20%
of the replies show an attempt to use prices no oider than
one year for 80% of the material dollars. The same per-
centage response was recorded for (1) use of price within
sbx months for all material and (2) use of price within one
year for all material.

The following methods were used to escalate labor costs:

Union agreements, 12%
Historical data, 20%

Budget, 32%

DRI forecasts, 28%

A forecast other than DRI, 24%

Some companies use more than one method.

In estimating indirect costs, most (62%) contractors use
budgetary data. About 10% say they use the most recent
completed year and less than 10% use rates from the
most recently audited year. About half say that the last
year of indirect cost rate settiement was before 1985.

Use of mathematically based estimating techniques was
surprisingly high. More than 50% use improvement cur-
ves. Parametric estimating is used by about 35% of tie at-
tendees and another 20% use regression analysis.

Concern aver defective pricing aliegations is evident in
that attendees are taking preventive actions. About 40%
of the contractors conduct regular training sessions. Near-
ly 30% use a data sweep approach between date of price
agreement and the signing of the certificate of cost or pric-
ing data. Another 20% require the buyer to sign off on
data received during negotiations and still another 20% re-
quire internal certifications by company employees.

Government reviews of material management and ac-
counting systems have not been compieted in any great
numbers. About 25% are not subject to a seif-assess-
ment. Over 50% are waiting for the government to review
their seif-assessment. About 10% have had acceptable
demonstrations and 5% have had unacceptable
demonstrations.

Exemptions from cost and pricing data have been used to
some extent. About 45% claim that adequate competition
has been used as an exemption. Another 20% use the
catalog price exemption. About 10% use the market price
exemption.

SOFTWARE AND ESTIMATING SYSTEMS

Many contractors are currently using softwe: > in some
aspect Jf their estimating process. In light ¢! the nev: ~m-
phasis on estimating systems many contractors
reviewing their use of estimating software.




The control objective of all electronic data processing
(EDP) systems is the processing of accurate data (16).
Beyond this objective, contractors may wish to incor-
porate the DFARS estimating system guidelines into their
estimating software.

As previously discussed, the ne.» DFARS 215.811
guidance provides that adequate estimating systems
should use appropriate source data, utilize sound estimat-
ing techniques and appropriate judgment, maintain a con-
sistent approach, ard adhere to established policies and
procedures. Good estimating software should heip imple-
ment these objectives.

Each contractor has its own orgenizational structure and
its own methods of operation. The larger the contractor
is, the more diverse are the people invoived in the es-
timating process. The implementation of any organization
structure is only as good as the corporate personnel.
Most contractor personnel are highly ethical, yet even the
best of peopie are subjected to the pressures of competi-
tion.

A good management information systems (MiS) should
decrease the decisions needed by the end user, and im-
plement management policy at the same time. A good es-
timating software system should inciude, as @ minimum:
mechanisms to insure that appropriate pricing data is
used, that corporate methodologies are applied consis-
tently, that the estimating process is auditable (17), and
that current cost or pricing can be certified. There may be
many other complexities to be considered, based on the
size and sophistication of each contractor.

CONCLUSIONS AND SUMMARY

The new DoD rule on estimating systems wiil have a sig-
nificant impact on the government contracting community.
Contractors will expend more effort in developing , dis-
closing, and improving their systems, while auditors and
contracting officers will devote more of their time to
reviewing and monitoring systems and following up on
recommendations. Not yet determined is the extent of im-
provement this added effort and attention will bring to con-
tract pricing. Interested peopie in DoD and Congress will
be keeping close tabs on results, especially spare parts
and defective pricing. Surveys indicate that contractor im-
plementation has only just begun. The DCAA and con-
tract administration offices have geared up for a major
effort, with estimating system vulnerability assessment
and detailed audk programs, and have started making
team reviews. Contractors who have not yet been
reviewed can be relatively sure they will be, especially
the majors; it's only » matter of time and availability of
audit resources. They can aiso be sure that auditors and
contracting officers will closely monitor any needed cor-
rective actions, in this era of increased attention to es-
timating systems.
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FOREWORD
This paper is the condensed version of a
research report under preparation by the

author, working as professor at the Research
Department at the Defense Systems Management

College. Mathematical formulations and
supporting material, like spread sheet
calculations have been left out for the

condensed form; partially in order to avoid
information overload, partially because the
material has not reached publishable form.

The of the research is to
provide future project managers and
acquisition executives with a computerized

working tool, enabling them to arrive at an
educated judgment about the meaning of
exchange rates to the cost of a specific
project with foreign components or developed
in co-production with NATO partners.

The for publishing this
paper is first to introduce a new point of
view toward the subject of exchange rates and
second to solicitate comments from the
acquisition community. The gcope of the
present version is tailored to the perceived
needs of the acquisition community. This,
however, does not preclude the possible

interest in the subject by students of
political economy.

PART I

EXCHANGE RATES AND PRODUCTS

The purpegse of this part is to provide a
general understanding about the meaning of
variations in the exchange rate between the
U.S. dollar and other currencies with regard
to the cost of specific products. This
understanding is important for all managers
and decision-makers of major acquisition
programs in DOD and other institutions.

A series of knowledge elements are explained
and simple sample caiculations are used. Each
building block necessary for the understanding
is of fundamental sgimplicity; what makes the
subject slightly difficult, is the interaction
of the building blocks. Nevertheless, I tried
to provide easily understandable explanation.
If they read too tutorial. I apologize. But
what can you expect from a teacher by choice?

CURRENCY AREAS

All economic activities in the western world
with full convertible and relatively inflation
free currencies take place in two currency
areas: First in the U. S. dollar area and
second in the NON-dollar area.

The Dollar-area includes, of course, the
U.S.A. itself but also, the four countries of
Korea, Taiwan, Hong Kong and Singapore (HBR
#6, 1989, p.79). The currencies of these four
listed places are linked to the U.S. dollar
and they move against all other world
currencies together, with the U.S. dollar up
or down. Hence, the import and export posture
of all countries of the dollar-area is
identical affected by a U.S. dollar evaluation
or devaluation; however, their relative trade
pattern among themselves is not influenced.
For example, a devaluation of the U.S. dollar
will neither deter imports from Formosa into
the U.S.A., nor support exports from the
U.S.A. to Formosa. The group of five are
among themselves "exchange-rata-neutral® with
regard to economic advantages or
disadvantages. But (for the purpose of the
present paper) not only "countries" but also
specific "commodities" belong to the dollar
area, like o0il or ore which are traded and
quoted on the world market in U.S. dollars.

The NON-dollar area shall include (for the
purpose of the present paper) Japan, all
countries of Europe-1992 and the four non-
aligned European traders of Switzerland,
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Sweden, Austria and Finland. The currencies
of these NON-dollar areas are free floating
against the U.S. dollar and their ratio will
change on a daily basis against the U.S.
dollar. The relationships among the NON-
dollar currencies is also variable but
nevertheless surprisingly stable although no

lead~currency in itself is formerly
established. Hence internally, this Japanese-
European NON-dollar area is also neutral to
changes in the exchange rate of the U.S.
dollar.

AREA INTERACTION

The Dollar-area and the NON-dollar-area
interact either by necessity or by convenience

with each other. The 1link between the two
areas is established by "products" and
"markets."

In the trivial case, each area is the
originator of 100% area products; this means
all raw materials and all value-added
operations are exclusively originated in one

of the two areas and, thereafter sold to its
own market and/or to the market of the other
area. Hence," we have two product origins and
two markets. For this case, we assume
tacitely that each area is self sustained and
the exchange of products is a matter of
convenience or competitive advantages of the
long bygone world of Adam Smith (1776).

In this trivial model, any change in the
exchange rate between the two areas will
change the competitive position between these
two areas. For example, at 50% devaluation of
the U.S. dollar against the German mark will
result in a doubling of all cost for imports
into the U.S.A. of German originated goods and
in a halving of the U.S. export cost. In
short, the dollar devaluation subsidizes
uniformly all U.S. exports and taxes also
uniformly all German imports into the U.S.A.,
(regardless if such subsidies and/or taxes are
of specific product advantage or not).

Above argument is simple, clear, logical and
definitely valid in yesterdays world, but,
unfortunately, utterly wrong in todays world.

It is wrong, because today exists, neither in
the dollar-area nor in the NON-dollar area one

single product, that does not NEED a
contribution from the other area for its
making. For example, no “"Japanesa™ car could

be produced without imports of raw materials
and energy from the dollar-area and no
"American" car could be produced without
import of components from Japan and other NON-
dollar areas.

Of course, in above car example, the situation
from the Japanese point of view and from the
U.S.A. point of view is not quite identical.
There are two fundamental differences: First,
Japan MUST import the raw materials and energy
it does not have, while the U.S.A import
components out of CONVENIENCE for a variety of
reasons. Second, as consequence of a dollar-
devaluation the Japanese import cost from the
dollar-area go down (if measured in Yen) and
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the U.S. import cost from the NON-dollar area
go up (if measured in U.S. dollars).

The -eality of area interaction for a specific
produci like a car can be immensely
complicated. The interaction between the
dollar-area and the NON-Dollar area can be
different for its mechanical parts, its
electrical/electronic parts and its chemical
components like paint. Parts in its total
value added process can cross more than cnce
the boundaries between the dollar and NON-
dollar area, triangular and multiple pole
relationships might be involved. However,
from a conceptual point of view (as adopted
for the present paper), the fundamental area
relationships and/or interactions can be
bonded with a set of six scenarios as sketched
in Figure 1.
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Figure 1. SCENARIOS OF AREA INTERACTIONS

According to this figure, products (full
circle) and components (empty circle) can
originate in the dollar and the NON-dollar
area. It may be, for instance, an American or
a Japanese c&:- and component manufacturer.
The definition is slightly fuzzy and for this
reason we speak about the "nominal® origin; it
may be the car manufacturer, who puts his name
plate on the car, or in DOD acquisition, the
prime contractor. However, the definition
serves conceptual purposes. Each (nominal)
product in turn can be sold in the market of
its own area or in the market of the other
area.

The first two scenarios are the primitive
cases, representing the trivial model. The
last four scenarios represent todays reality.




EXCHANGE RATES

The exchange rate expresses the current value
ratio between two currencies. For example,
the American traveler to Germany asks "“How
many German marks will I get for one dollar?"

or, in reverse, the German traveler to the
U.S.A. wants to know how many dollars he can
get for a certain amount of German marks. The

American or German exporter and importer will
extend this question of how much he can get or
has to pay into a longer time frame; i.e., how
much in a year from now?

The extended Juestion has been meaningless for
more than 25 years, because the Bretton-Woods
agreement of 1945 fixed all currencies within
the American hegenomy to the U.S. dollar and
in turn the dollar was frozen to gold. In
economic terms, the dollar was pegged to gold
and the dollar the numerair for most world
currencies. The Bretton-Woods agreement was
the brain child of Lord Keynes. His more
daring proposition to establish a uniform
world currency failed. The Bretton-Woods
agreement provided practically absolute
stability of the free world exchange rates.

In 1971, the currency stability started to
crumble. First the dollar/gold ratio was
changed, the Bretton-Woods agreement was

cancelled and by 1973 the dollar and all other

currencies started "to float" in its relative
value on a day-by-day basis; the economic
theories of Milton Friedman were transformed

into reality, where the market shall determine
the exchange rates.

Today, partial counter movement against
floating exchange rates and toward fixed
exchange rates is in the making. I call it
"partial," because it concerns Europe 1992 and
encompasses serious efforts by the European
parliament in Strasbourg to develop a uniform

a

European currency, a uniform Furopean tax
system and a European central bank. This,
however, is future music and all that can be

said today with certainty are two things:
First, the fascinating history of currencies
from 1945 to 2000 will provide ample food for
smart dissertations and even smarter
afterthoughts; second, with the shift of
exchange rates into a variable input, money

lost its function as a measurement scale for
many economic activities (at least) on the
microlevel. In turn, the manager of a

product, of goods and services, and of major

acquisition projects has to live with this
fact.
The meaning of variable exchange rates is

demonstrated in Table 1I.

The entries into Table I are subdivided into
six columns and nine lines. The base line, to
"start" the calculation, is line number five

and the German mark is used as example. In
line five we are at the time ty,. I suggest to
call the time t, the NOW-TIME and define it as
this specific time, from where we measure the
impact of devaluation or evaluation of the
U.S. dollar (or any other currency). For line
five, column #1, you get DM-4 for one U.S.
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dollar. In column ¥2, we deiine this as the

100% exchange value at time t, with no change
as shown in column #3. In column #4 and #5 we

indicate "how much" we have to pay in U.S.
dollars for DM-4 as import-item (answer $1)
and the DM we get for one U.S. dollar of
export (answer DM-4.)

The for the further

calculation of the numbers in Table I, column
4 and 5, line 1 through 4 and 6 through 9 are:

o First, we assume that the internal or
domestic cost (not prices) of $1 (for
the U.S. product, and of DM-4 (for the
German product) remains constant from
the time to through all other times ti’

Second, the only variable for imports
into the U.S.A. and exports to Germany
are the exchange rates.

We need those two assumptions
establish an analytical baseline. Variations
will follow. Besides, these two assumptions
are not as unrealistic as you might think they
are, Just try to get a quote in U.S. dollars
from a European hotel for your summer vacation
next  year. You will not get it. All
quotations will be in the “"stable" local
currency and you will have to pay in dollars
according to the prevailing exchange rate at
the date of your hotel bill.

in order to

In column #3 the percent changes of the
exchange rate (against the value of 0 at the
time t,) are shown. The most significant
figures in column #3, #4 and #5 are in line 1.
It shows that the U.S. dollar can not be more
than 100% devaluated, which means, the dollar
becomes utterly worthless. At this moment
(column #4), we in the U.S. would have to pay
an infinite amount of dollars, to import DM-4
from Germany and the Germans (column #5) could
buy one dollar of U.S. merchandise with zero
DM: this means, they could get everything for
free. In reverse, if the dollar would be
evaluated by 100% (line 9), we in the U.S.
could get all German products for the half




amount of dollars and the Germans would have
to pay in DM twice for imports from the U.S.A.

In the extreme, if the dollar could be
evaluated to an infinite value, the U.S. could
import everything for free from Germany. of
course, such extremes are not quite realistic,
at least we hope so, and shall be called the
"limit paradox."

The 1limit paradox, however, shows beyond the
shadow of a doubt, that the study of
evaluation and devaluation among two
currencies and two economic partners has two

sides and, without identifying the two sides,

the story reads as follows:
o MY devaluation is YOUR evaluation
o MY evaluation is YOUR devaluation
o0 MY devaluation is YOUR import tax and
MY export subsidy
o And so forth accordingly to your
fantasy.

The MY-YOUR story is summarized in Figure 2;

the devaluation and evaluation of the lead
currency, assumed to be the U.S. dollar, is
expressed in percent, starting with zero at

the time t,. The impact of this evaluation or
devaluation is measured in percent against the

cost (not price) of 100% at time ty5 and two
relationships are shown. First a straight
line, showing the import cost of a distinct

(or 100%) U.S. product into a foreign NON-
dollar country to be paid in the foreign
currency, and second a sloped curve, showing
the import cost of a distinct (or 100%)
foreign product, originated in the NON-dollar
area and imported into the U.S.A. and be paid
in U.Ss. dollars.

Figure 2 shows in crudest form the two sides
of the coin for the simplest of all possible
condition: assuming that a "100% U.S.
product" and a "100% foreign product (i.e.,
German)" exist. Refinement follows.
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EXCHANGE RATES AND FOREJIGN CONTENT

We define "foreign content as that part of a
domestic product imported in the form of
material or components as needed in making the
product. Japan, for example, may have to
import raw material in order to make a
Japanese car and the U.S.A. car manufacturer
may have to import electronic components to
make his American car.

We can pmeasure the amount of foreign content
either in physical terms or in monetary terms.
In physical terms we may, for example, state
that a U.S. steelmill making a special steel
needs for each 100 tons of steel one ton of
chrome from Zimbabwe (formally Rhodesia) or
from Russia and a half-ton of nickel either
from Canada or Indonesia. Hence, the foreign
content is one and a half ton in 100 tons of
a American produced special steel. Economists
of course are measuring in monetary terms and
they will tell us that 30 percent of the value
added to a product is imported foreign
content, and 70 percent is truly American
added value, to be measured in U.S. dollars.
De facto, the monetary measurement is very
practical and truly meaningful, as long as the
dollar is (or, better, was) stable in its
relationship to other currencies. However, as
soon as the exchange rate shifts from a
“constant" into a “*"variable," the entire
measurement system collapses and all
relations, for instance between foreign and
domestic content move with the changes in the
exchange rate disregarding the fact that
physical relations and physical properties of
the product and its process remain constant.
(Other variables like inflation are presently
not considered).

In order to explain the relationship between
exchange rates and foreign content in its most
rudimentary form, we assume to have an
"American product" (Py) at the time ty with a
cost of $100 as shown in Figure 3. Here we
assume the APPARENT PRESENT RATION (R1) to be
70 to 30. This means, it appears as if a
product may have 70% domestic U.S. content and
30% foreign content if measured in dollars at
the time t,.
Assume, the foreign content (30%) of the
“"American" product comes from a NON-dollar
area; i.e., Japan. Now we have to look at the
foreign content from the Japanese point of
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view at the t,. We may find out that the
Japanese 30% or $30 content of the American
product is really pot a true Japanese product.
Japan needs at the time ty, an import from the
dollar area for raw material and energy in the
amount of $12 and only $18 is at the time tgy
the value-addéd contribution in Japan. Hence,
Japan's foreign content is $12 or 40% of the
Japanese product. We call this the FOREIGN-
FOREIGN RATIO (Rz).

Now, we can take a new look at our "American"
product at the time tgy: The apparent ration
(Ry) informed us, that the product has 70% or
$70 American content; the foreign-foreign
ratio (Ry) informed us, that 40% of ‘'the
Japanese content, or $12 is originated in the

dollar area. Hence, the American product has
de facto a $82 or 82% content originated in
the dollar area and only $18 or 18% content

from the NON-dollar area. The ratio 82/18 is
the EFFECTIVE RATIO (R3) of dollar/NON-dollar
content of the American product.

The shift frcm the apparent ratio (R;) to the
effective ratio (Rj3) through the analysis of
the foreign-foreign ratio (R;) has practical
value for the calculation and is based upon
the assumption that all value-added parts of a
product originated within the dollar area will
not be affected by a change in the exchange
rate; only the value added parts originated in
the NON-dollar area will be affected. Hence,
the apparent ratio (Ry) represents the
sovereignty point of view, while the effective
ratio (R3) represents the currency area point
of view. Between those two points of view |is
the world of financial and power politics, far
beyond the scope of the present paper.

Now the exchange rate enters the picture.
Assume at the time tj the exchange rate
between dollars and yen (Eg/E;) changes and
the dollar loses 50% in exchange power. This
changes at time tj (first the effective ratio
(Ry) from 82/18 to 69/31 (R3*). Consequently,
the foreign-foreign ratio will change from 40/
60 (Ry) to 25/75 (Ry"™). Also the apparent

ratio will change from 70/30 (R;) to 59/41
(R1*) and the price of "100" (Pg) will
increase to  "118" (P, Differently

expressed, only the &=18 will be added to P,

Above example, in all its simplicity,
illustrates névertheless two problems: first,
the problem of measurement introduced by
floating exchange rates and, second, the
problem of knowledge or, better, acquisition
of this knowledge which we need to deal with
floating exchange rates on a specific product
basis. Both problems are interconnected:

o First, we must know the apparent ratio
Ry.

-] Sécond, we must know the exchange rate
at the time (tg) when R; has been
determined.

o Third, we must know the foreign-
foreign content of the foreign
components R; and

o Fourth, the exchange rate for the
foreign-foreign parts.
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If and only if we know R; and R, at the time
to are we in a position to conduct a
quantitative calculation or meaningful
estimate about the possible impact of changes

in the exchange rate. The value of Rj, the
efrective ratio, will be the result of this
calculation.

If we do not Kknow these ratios, we can
calculate nothing. Ry, Rz and Rj must be
known as fundamentals before any refinement

can be introduced into the calculation, such
as market forecasts for raw materials or
speculation about changes in the profit rate
for our foreign suppliers.

Various Intexpretations of the impact of the
changing exchange rate can be deducted just
from a visual inspection of Figure 3.

we notice a non-linearity between the 50%
change in the exchange rate and the price of
the American product with its foreign
components: The price goes up by 18% from Pg
to Pj, obviously as a function of the quantity
of the physical foreign content. Second, the
domestic/foreign content ratio of 70/30 of the
American product (R;) changes into a 59/41
ratio (Rl*), which means the domestic content
goes down and the foreign content of the
American product goes up. Third, we notice
that from thé Japanese point of view the
Japanese product gets even more Japanese;
originally (Rz) the Japanese product was 60%
Japanese, now (at Rz‘) it is 75% Japanese.
Fourth, the apparent ratio (Rj) of 82% content
from the dollar area and 18% from the non-
dollar area has changed into a 69/31 ratio
(R3*). All ratios (and their related economic
indicators) have changed, although it is the

same physical product at time to and time ti.

SAMPLE CALCULATION

The purpose of the sample calculation is to
demonstrate, in the simplest possible form,
what the change of exchange rates means to an
American product with a foreign content from
Germany. What does it mean, if the American
product is sold in the American market and
what does it mean if it 1is exported to
Germany?

The sample calculation is carried out for two
different time frames: First for the time tq,
when one U.S. dollar bought four German marks
and for a later time tj, when one U.S. dollar
bought only two German marks. In order to
simplify the calculation, we made two
assumptions: First, the physical product and
all processes for its making will not change
between the time ts and the time tj:; second,
the costs of American value-added portion does
not change if measured in U.S. dollar, nor
does the German value-added portion change if
measured in German marks. These simplifying
assumptions are 3justified because exchange
rates change on a daily basis while products,
processes or material added-value cost change
rather slowly.
The calculation is made for three different
scenarios.




Scenario #1:
We are at the time to and $1 buys DM 4.

We have a (so called) American product
from an American manufacturer and the
cost of this product is $100.

If we look closer at this American $100
product, we find that only 70% of it
(or $70) are truly domestic U.S.A
content and 30% (or $30) of the product
is foreign content, imported from
Germany.

Hence, the COST COMPOSITION looks like this,
if seen from the American and the German point
of view:

U.S. content 708 = $70 = DM 280
German content 30% = _S$30 = _DM 120
Total 100% = $100 = DM 400

This means, with a fixed exchange rate of 1:4,
the American product cost $100 or DM 400,
regardless if it is sold in the American
market or after export in the German market.
This of course describes the bygone world of
Bretton-Woods whecc the exchange rate was
stable for more than 25 years.

Scenario §2:

O We are at the time tj and $1 buys DM 2
because the U.S. dollar has been
devaluated by 50% versus the previous
time to.

We assume, that the German content is
to be 100% originated in Germany. This
means, from the German point of view,
the German part has no foreign content.
(This assumption was irrelevant in
Scenario #1).

The COST COMPOSITION of our American
product must now be considered from
two points of view: from the U.S.A.
one and the German one.

The American cost composition 1looks
like this:
U.S. content unchanged $70
Germany content, de facto
DM 120 or in dollar $60
Total $130

We also note, that the 70/30 ratic at
time t, for the U.S. domestic/foreign
content has changed into 54/46 ratio,
with 54% American and 46% foreign
content at the time ti.

The German cost composition looks like

this:
U.S. content unchanged ($70) = DM 140
German content with
unchanged DM 120 =
Total ($130) = DM 260

This means, after a dollar devaluation from a
1 to 4 ratio down to a1l to 2 ratio, the
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American cost has increased from $100 to $130

but, if exported to Germany, the German cost
have decreased from DM 400 to DM 260 (in
comparison to scenario #1). Differently

expressed, the American cost increased by 30%,
while the German cost decreased by 35%. 1In
the language of professional economists, one
might say that the 50% dollar devaluation
resulted in a 30% inflation at the U.S. market
and a 35% export subsidy for the product under
consideration. Please note that figures for
inflation (30%) and the subsidy (35%) are not
symmetrical.

We also note that our product (if imported
into Germany) has now, from the German point
of view, 46% German content and 54% American
content versus 30% German and 70% American at
the previous time to:

Scenarjo #3:
o We are (like in scenario #2) at the
time tj and $1 buys DM2 because the
U.S. dollar has been devaluated by 50%
versus the previous time t,-
o We assume, that only 60% (at time tg)

of the German parts (or components) are
truly of German origin, while 40% of it
(as seen from the German point of view)
at t, are foreign content; this German-
foreign or foreign-foreign content
shall tonsist of raw material bought at
the international commodity market (for
oil, ore) and, hence, to be paid in
U.S. dollars.

The analysis of the COST COMPOSITION
must start now in Germany:

The truly German part is now
60% of Dm 120 DM 72 $36
The foreign German part is now as

before 40% of $30 or DM 24 = _S$12
Total DM 96 $48

This means that at the time tj, the
Gernan cost has dropped (from time t,)
from DM 120 down to DM 96 or by 20%,
while the import cost into the U.S.A
ha: increased from $30 to $48 or by
60%.

The next step in the analysis of the COST
COMPOSITION is to combine the German part with

its foreign-foreign components with the
American part of the American product:
The truly American part of
the American product
remains with $70
The German components amount
at the time tj to
Total in the U.S. market $118
and re-exported to
Germany DM 236
This means the 50% dollar devaluation

the cost in the U.S. market by 18%
(from $100 to $118) and decreased the cost for
the product, if re-exported to Germany, by
41%. This result is as function of the
foreign-foreign content, somewhere between the
results of scenarios #1 and #2.




The cost calculations for the three scenarios
are summarized in the Table II.

PART I1

TREND ANALYSIS

The purpose of the trend analysis is to show,
in graphical form, how the domestic and
foreign content ratios, the cost in the
American market and in the foreign markets
MUST change as a necessary consequence of
variations in the exchange rates. The result
of the trend analysis provides a basis to
shift from the necessary cost behavior to a
possible price behavior.

Throughout the analysis, the U.S. dollar is
selected as the lead currency and, therefore,
all changes in the devaluation or evaluation

refer to the U.S. dollar. All changes and
their consequences are expressed in
percentages with the time t, as the departure

point for all changes. All cost at the time

to are defined as 100% cost. Domestic cost
for the domestic value-added portion of a
product, be it in the U.S.A. or in a European
country are assumed to be constant ir
expressed in the national currency. Hence,
cost variation due to national inflation,

change in national labor rates or changes in
production methods are igncred; only the
impact of exchange races is analyzed.

The analytical steps are outlined in the
flowchart of Figure 4.
Each of the analytical steps will be

discussed. The sum of the trend analysis will
be a basis to develop rational expectation
about cost and price for a specific product.
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Viewed from the American point of view, any
product on the American market can be a
combination of "domestic content" and "foreign
content." For the extreme, the product can be
100% domestic or 100% foreign.

In order to show the two extremes and some in
between combinations, a total of five cases
have been selected showing different content
combinations. The cases are summarized in
Table III.

The five combinations are sufficient for the
conceptual analysis and permit reasonable
interpolation for other content combination.
If the resulting graphs shall be produced in a

larger size, closer case selection, maybe in
steps of 10%, is recommended.
Table III  COMBINATIONS
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Each of the five cases has been calculated for
devaluation of -25%, -50%,~75% and -100% and
for an evaluation of +25%, +50%, +75%, and
+100%. Devaluation is limited to -100%, which
means the currency (in our case the U.S.
dollar) lost its value completely.
Evaluation, however, can go to any positive
amount. At the time t, of course, neither
devaluation nor evaluation takes place; it is
the beginning for the analysis.

DOMESTIC CONTENT

Let's take two products: An American and
European product. In physical terms both
products share a stable domestic and stable
foreign content. In monetary terms, however,
the percent composition of domestic and
foreign elements changes permanently with
changing exchange rates.

Assume you have a German product and this
German product may have 0%, 25%, 50%, 75% or
100% foreign content (as seen from the German
market) . The product with 0% foreign content
will always Yemain a 100% German product,
regardless what the $/DM exchange rate will be
and, hence, his cost in Germany will be
constant. Now consider a case very close to
the other extreme: The German product shall
consist at the time ty, of 10% of German (or
domestic) content and to 90% of foreign
content (as seen from the German side) and
this 90% foreign content originated in the
dollar area: i.e. the U.S.A. Now let's assume
at the time tj, the U.S. dollar will be
devaluated by 99% to 1% percent of its value
as previously existed at the time ty; suddenly
the Germans can buy their foreign content for
less than 1% of their previous cost and, 1lo

and behold, the former 10% domestic/90%
foreign product shifted roughly into a 90%
domestic/10% foreign product. As extreme and

hopefully exaggerated this example may be, it
portrays the problem at hand. The problem is
conceptualized in Figure 5.

There is good reason to start the trend
analysis with the domestic content of a
foreign product: No foreign (European or
Japanese) product exists without any

significant physical input from the dollar
area, although the foreign product may later
on be imported into the U.S.A.

DOMESTIC COST

We are dealing now with a product, originated
in a country of the NON-dollar area; i.e.
Japan. This product, manufactured in Japan
has some foreign content (by Japanese
definition). This foreign content shall be
bought in U.S. dollars somewhere in the dollar
area or the world commodity market, where
prices are quoted in U.S. dollars. This
foreign content is very expensive, if the U.S.
dollar is high:; the Japanese have to pay a lot
of yens for it. However, the same physical
amount of foreign content may be very
inexpensive (if paid in yen), when the dollar
is very 1low. Hence, the domestic ~apanese
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cost for their Japanese product with dollar
components will go up and down with any and
every change in the exchange rate between
dollar and yens.

How will the domestic cost in Japan react to
changes in the exchange rate? The answer to
this question is given in Figure 6, called the
domestic cost.

The most important observation by 1looking at
Figure 6 is the fact of a LINEAR RELATIONSHIP
between DOMESTIC COST and EXCHANGE RATE
VARIATIONS.

If the domestic content is 100% (Case I), then
the cost in Japan will not at all be
influenced by a change in the exchange rate.
However, if the dollar is devaluated to zero
(Case V), the dollar part will be of no cost
at all to the Japanese. Cases II, III, and IV
are intermediate situations with 75%, 50% and
25% domestic (Japanese) content.

The argument can be made, that the dollar

(not cost) will go up in the
international commodity market, if the dollar
goes down. This is correct and we have
experienced it with the rise of the oil prices
by OPEC during the first dollar devaluation in
the 1970's. If this is the case, the
domestic/foreign content ratio in Japan will
change, but the competitive advantages (or
disadvantages) of Japan versus U.S.A. will not
change in principle with variations in the
exchange rate. For clarification of this
statement look at the devaluation example in
Figure 6. Here, the dollar devaluation by 60%
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resulted in a domestic benefit (for Japan) of
38% for a product with 35% domestic (Japanese)
value added portion. This 38% benefit can be
thrown in to the Japanese cost calculation in
order to compensate for a possible price
increase of the dollar content (i.e. oil from
OPEC) of his specific product; this means the
dollar prices for the commodities can increase
by a factor of 2.41 before the domestic cost
in Japan must go above the 100% mark as
established at the time ¢t , before the
devaluation of the U.S. dollar as shown in the
example. However, as long as the commodity
prices in U.S. dollars are stable, the 38%
benefit may apply to the Japanese domestic
cost. Furthermore, we notice from the
devaluation example, and the evaluation
example, that cost benefits and cost penalties
are symmetrical.

In retrospect, above conceptual explanation
and example might explain, why Japan and
Europe was less impacted by the OPEC price
increases than the United States: It occurred
simultaneocusly with a dollar devaluation.
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IMPORT COST

We are entering now the U.S. market. We have
an American product, manufactured in an
American factory. But this American product
is not 100% American. A certain percentage of
it is foreign content, imported from the NON-
dollar area; i.e., Japan or Germany. In the
extreme, this foreign content can be zero
(Case V in Figure 7) or it can be 100% (Case I
in Figure 7). 1In between we have Cases II,
IIT and IV with 75%, 50% and 25% foreign
content.

We do pot contern ourself with the foreign-
foreign content of the imported components for
our American product. All we are only asking
about are the cost changes of American
products in the American (or domestic) market,
either because of a dollar devaluation or
evaluation for products with different foreign
content originated in countries of the NON-
dollar area. We call this the IMPORT COST or
the "import driven cost" for American
products. The conceptual answer to this
question is shown in Fiqure 7, called "The
Import Driven Cost."

The term IMPORT DRIVEN COST implies the
dependency of many "American® products upon
materials and components from foreign sources
and/or imports from NON-dollar areas.

Just a visual inspection of Figure 7 shows a
NON-LINEAR COST BEHAVIOR and also NON-SYMMETRY

FOR DEVALUATION AND EVALUATION. In the
condition of a Dollar Devaluation, all import
costs go asymptotic to infinite with a

complete (or 100%) devaluation of the U.S.
dollar, regardless of how small (or large) the
foreign content may be. Only for the 100%
American product (Case V), without any foreign
content whatsoever, the product cost in the
American market remains uninfluenced by the
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change of the exchange rate. In all
conditions of a Dollar Evaluation, the costs
go down asymptotic to the domestic content
cost with inifinite evaluation and, of course,
to zero for the imported 100% product.

Specific cost behaviors are illustrated with a
few examples in Figure 8. Example #1
represents the cost for a 100% foreign
product, originated in the NON-dollar area and

imported in the U.S.A. after a 70% dollar
devaluation. Example #2 represents the cost
at time t; for an "American product" with 100%
cost at ty and a 65% foreign content at time
to. Example #3 portrays the import cost for a
100% foreign product after a 70% dollar
evaluation. Finally, example #4 represents
the domestic cost of an American product with
a foreign content of 65%, measured at time t,.
The examples #1 and #3 can be considered as
symmetrical with regard to inputs; so can
examples #2 and #4.

An important point to be noted is the change
of the penaltv/benefit ratios between Example
#1 over Example #3 (233/41) and between
Example #2 over Example #4 with (143/28). In
the first case, the ratio is 5.7 and 5.1 in
the later case.
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The interpolation of entry #4 in Figure 8
between Case #II and Case #III may lack
precision. We can trade-off the explicity of
Figure 8 for exactitude in usage by using only
the curve for Case I and read Exit #3 and Exit
#7 with 333% and 59%, respectively. With this
we can enter Figure 9, interpolate linear
entry #4 and read off the results of Exit #5
and #8 with 243% and 72%, respectively.
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FROM COST TO PRICE
In the two foregoing sections, called the
"domestic cost" and the "import cost," we

discussed benefits and penalties of cost
separately for both cases. No attempt has
been made to combine these two behavioral
patterns toward a joined cost picture. The
reason why this joint-cost picture has been
avoided is given by the fact that, for
example, cost savings in the NON-dollar area
(i.e., in Japan for a Japanese product) does
not have to be reflected in a price reduction
of such product in the domestic market of the
NON-dollar area (i.e., in Japan). In short,
we must shift from cost to price to connect
the cost benefits and penalties for products
originated in the NON-dollar area and
thereafter imported into the dollar-area.

There is a logic in cost and a 1logic in
prices; only these two logics are not the
same. The only necessary connection between

the cost-logic and the price-logic is given
from the manufacturer's point of view by the
statement, "the sum of all prices for a set of
manufactured goods must be greater or at least
equal to the sum of all costs." All other ap-
parent connections between the cost-logic and
the price-logic are optional, based upon a
decision process, expressing the




manufacturer's preferences. For example, a
Japanese car manufacturer may decide not to
pass his benefits (or savings) from a U.S.
dollar devaluation into the domestic Japanese
market in th2 form of a price reduction; he
may decide to use his savings in order to
subsidize his export price to the United
States with the intent to preserve his
American market share. But, the degree to
which he can pursue this policy will depend
upon the benefit-penalty ratio for his product

in his domestic market and in the export
market.

Benefits/Penalty Ranges

The concept of the benefit/penalty ranges is

sketched in Figure 10. In this figure, the
related benefit/penalty ranges are shown for a
devaluation of 40% and an evaluation of 30%.
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Figure 10 BENEFIT/PENALTY RANGES
Reading Figure 10 highlights the selected

"analytical definition® and the meaning of
devaluation and evaluation of the U.S. dollar
for products originated in the NON-dollar area
and also for products originated in the dollar
area:

-] DEVALUATION means a BENEFIT for the
NON-dollar area and a
corresponding PENALTY for the dollar
area.

o EVALUATION means a PENALTY for the
NON-dollar area and a corresponding
BENEFIT area for the dollar area.

o The sizes of the corresponding
benefit and penalty ranges are
different.

Next to the above "analytical definition: of
benefits and penalties, many "subjective
definitions" would be possible: an importers
definition might be the opposite from an

exporters definition and an American traveler
to Europe will have a different judgement
about benefits and penalties from a Jap2nese
traveler to the U.S.A. M:i:xing the analytical
definition with subjective definitions can
perfectly confuse the issue.
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The Figure 10 shows that for every specific
i a range of benefits
exist (Point A *> Point B) for the product

originated in the NON-dollar area; at the same
time a corresponding range of penalties exist
(Point C to Point D) for the export of those
products into the dollar area. It also shows
that for every specific evaluation (i.e., 30%)
a benefit range exists (Point E to Point F)
for imports into the dollar area; at the same
time, a corresponding range of penalties exist
(Point G to Point H) for exports from the NON-
dollar area into the dollar-area.

A comparison of benefits and penalty ranges
for selected percentages of devaluation and

evaluation of the U.S. dollar is shown in
table 1V.
TABLE IV. BENEFIT PENALTY RANGES
BENEFIT | PENALTY
RANGLE RANGE
Frory ~ ToO Froa- Jo
DEVALYATION
-25 3| 01-262 071-333
- %0 % o%-501211 O01- /w0l
-75 ¢ 01-75%| 02-3w?
- o0 I 02-100%|01-1nFiw e |
EVALUAT I0N
r25 % 01-2012| 01-251
+ S0 % 01-332% 03-%014%
+ 75 % 01-431| 01-75 1
t100 ¢ 0f-50%| OI-/o0 %
elc. aetc ete

An inspection of Table IV points toward the
imbalance between benefits and penalties and

toward the fact that the penalty range is
always greater than the benefit range. Hence,
deducting the benefit range from the penalty

range would result in the net-penalty possi-
bility for either devaluation or evaluation.
In terms of macro economy, it may say that
devaluation deters imports and fosters exports
(from the U.S. point of view). Definitely a
truth but of little consequence with regard to

a specific product or to the managerial
decisions for the exporting or importing
companies.

Benefit/Penalty Combinations

The concent of the benefit/penalty combination
is sketched in Figure 11.

The example in Figure 11 is based on a 70%
dollar devaluation. At the left side, we have
the NON-dollar area and on the right-side the
dollar area. The benefit range in the NON-
dollar area goes from Point L to Point M.
Point L would be, i.e., the 100% Japanese
product without any content from the dollar-
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Figure 11 CONCEPT OF COMBINATIONS

area, and Point P would be a product that is
completely (to 100%) imported into Japan from
the dollar-area and, hence, has zero percent

domestic (Japanese) conteut. A specific
product, (made in Japan) might be represented
by Point F; this product will have X%
Japanese content and Y% foreign content
imported from the dollar-area into Japan
(i.e., resource materials). This product R,
if imported into the U.S.A. can be an end-

product (like a Toyota) and, hence, is repre-
sented by Point 0. In the other extreme, the
product R might be an entirely unimportant
(measured in percent of cost) component for a
practically 100% American product; in this
case, it will enter the dollar-area at, or
extremely close to Point N. The product R
might also be a considerable component of the
American product and enter the dollar area in
Points S or T.

This example shows that the foreign-foreign
content for the product of the NON-dollar area
and the foreign content for the product of the
dollar area are jindependent from each otier
and NO GENERAL STATEMENT OF THE INTERACTION
BETWEEN THE BENEFIT RANGE (Point L to Point M)
IN THE NON-DOLLAR AREA AND THE PENALTY RANGE
(Point N to Point 0) IN THE DOLLAR AREA IS
POSSIBLE. ONLY PRODUCT SPECIFIC STATEMENTS
ARE POSSIBLE, PROVIDED THE FOREIGN-FOREIGN
CONTENT AND THE RELATED FOREIGN CONTENT 1IS
KNOWN ., IF THIS KNOWLEDGE DOES NOT EXIST, NO
MEANINGFUL STATEMENT ABOUT THE 1IMPACT OF
DEVALUATION OR EVALUATION IS POSSIBLE.

In order to gain insight into the possible
spectrum of the benefit/penalty combinations,
a series of combinations have been evaluated:
All five cases for the foreign-foreign content
combinations have been combined with all five
cases for the foreign content combination and,
thereafter, for each combination the benefit
and penalty values were calculated for six
different devaluations and five different
evaluations. This total of 275 combinations
is considered to be the minimum for the
graphical delincation of the problem presented
in this paper.
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Parity Market

The PARITY MARKET is defined as a single
numerical indicator for the domestic market
share a manufacturer in the benefit area must
have, in order to compensate for the penalties
in the foreign penalty area, whereby benefits
and penalties are the consequence of changes
in the exchange rate for the lead currency-

The above slightly convoluted definition needs
discussion. However, the definition expresses
clearly the search for a "simple number® that
expresses the consequences for any combination
of variables entering the exchange problem
and, at the' same time, to be of practical
value to the industrial decision-maker,
shifting from "cost" to "price" determination.

Figure 12 1is the tool for explanation. The
explanation is restricted to the case of the

U.S. dollar devaluation. We assume the case
of a manufacturer in the NON-dollar area
(i.e., Japan) which sells this product to his

domestic market and also as
dollar-area (i.e., U.S.A.). Once we consider
this product to be an "end-item" in the
export market:; thereafter, we consider this
product to be a "corponent" for an end-product
made in the expocrt market.

export to the
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Entry #1 in Figure 12 assumes a devaluation of
60% and a foreign-foreign content of 35% for
the manufacturer in the NON-dollar area. This
means, for example, that a Japanese
manufacturer who needs at the time tg 35%
foreign content for his product, to be
imported from the dollar area, will benefit
with a 38% cost reduction because of the 60%
dollar devaluation at a time tj. As next
step, we assume that our manufacturer is
interested to export this product into the
dollar-area (i.e., U.S.A.) as an end-product
like a Japanese- made Toyota. We enter #4 and
#5 in the right side of the figure and find
with Exit #6 that this export (import)
activity is burdened with a penalty of 164%.
This means the price of the Toyota in U.S.A.
"should" go up from, let's say, $10,000 ¢to
$26,400. This, of course, would mean the end




of all exports of Toyotas from Japan to the
U.S.A. However, it is an observed fact, that
this is NOT the case: Toyota sells its cars
in the U.S.A. after the devaluation almost for
the same competitive price as before the
devaljuation. How come? Toyota gains on the
domestic market a benefit of 38% and pays a
penalty of 164% in the USA. Hence:

= The penalty ration P/B= 164/38= 4.32
which means that "if" Tovota does
NOT pass on this savings into the
domestic market, it can subsidize
one export car with the gains of
4.32 cars sold domestically in
Japan.

- If we translate the penalty ratio of
4.32 into percent (4.32/5.32), we
find that Toyota needs a domestic
market of 81% in order to export 19%
of its production without price
increase into the USA. Hence, the
PARITY MARKET is 81.

- If tne de facto domestic market is
larger than the parity market, than
a decision about the use of surplus
benefit must be made, and if the de
facto domestic market is smaller
than the parity market, a decision
about changes of the domestic and/or
export prices must be made.

Now, let's go to the second part of the
example of Figure 12 and assume we cross Entry
#4 with Entry #7, which means that the export
item from the NON-dollar area into the dollar
area is only a 25% component of an American
car, i.e., a HONDA, nroduced as "American" car
in the U.s.aA. Here we find at Exit #8 that
the penalty amounts only to 42%. In this
case:

- The penalty ratio p/B= 42/38= 1.11
(instead of 4.32 in the first part
of the example). Hence, the Parity
Market is 53.

- This means, HONDA, since it has
itself established as a "domestic
Japanese" car AND as a “domestic

American" car can compensate for the
cost penalties for its Japanese made
components (and imported in the USA)
with a domestic Japanese market
share of only 53%.

'To provide a general overview of the numerical
behavior of the market parities, the result of
the 275 trial calculations (with slide-rule
accuracy) are summarized in Table V.

The parity market numbers of Table V are the
basis of IF-games in the decision process for
the price formulation. If, for example, the
parity market can not be achieved, then it
will not be possible to balance the penalty
with +he benefits in its own domestic market.
If on the other hand, the parity markat is
smaller than’ the de facto domestic market,
then it will be safely possible to balance the
penalties with the benefits on the domestic

TABLE V PARITY MARKET NUMBERS
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market. The question can be asked about the
size of the needed parity market in order to
balance the penalties at different devaluation
or evaluation rates, and so forth at
infinitum.

The parity market numbers can be arranged in
different ways in order to answer specific
questions. The program manager in DOD with a
program of high foreign content might be
interested how a change in the exchange rate
can influence the cost of his specific
product; a trade negotiator might search for
those particular products which are the most,
or the least, influenced by the exchange rate
changes in order to focus his attention on
items with highest essentiality; the president
of a multinational corporation might search
for a corporate policy in order to decide what
and where parts of his product chall be
manufactured in ordar to be competitive on the
world market. As different as those three
specific questions might appear to be, in the
concept they are identical. All want to know
the benefit-penalty relationship as repre-
sented by the parity market number.

To answer any one, or better to work toward
the answer to anyone of the above three
questions, we may develop a simple purpose
oriented worksheet as shown in Figure 13 and

transpose the respective number from Table V
into it.

The numbur In the worksheet (Figure 13)
describes a surface: THE MARKET PARITY
SURFACE for 75% devaluation. As illustrated,
the market parity surfaces have Dbeen

calculated for a devaluation of 75% and 25%
and for an evaluation in the same percentages.
Those four market parity surfaces are shown in
Figure 14.
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Figure 13 WORKSHEET FOR A SPECIFIC PROBLEM
Now, we can construct for each surface the

contour lines and project theme down into the
base area of the content coordinates. This
results in a reduction of the three-dimen-
sional surface into a two-dimensional contour
map of the market parity numbers for those
specific surfaces. The contour maps for a 75%
devaluation and a 75% evaluation of the lead
currency, in our case the U.S. Dollar, is
shown in Figure 15.

Every specific evaluation or devaluation has
its own distinct parity surface and, hence,
its own distinct parity contour 1lines and

again, each specific case (as shown in the
examples in the previous Figure 12) has its
own specific parity numbers. A computer

program is under development, permitting the
practical application of the concept; it will
permit us to use any change in the exchange
rate to be combined with any foreign-foreign
content and foreign content and printout the
specific parity number and, also, graphics if
so desired.

The example in Figure 15 reads as follows: In
the upper part of the figure we have the case
of a 75% devaluation and in the lower part the
case of a 75% evaluation ¢f the U.S. dollar.
In both cases, we have the same Entries #1 and
#2. Entry #1 says that our specific product,
manufactured in the dollar area (i.e., U.S.A.)
has a domestic content of 46%. Entry #2
states, that the part manufactured in the NON-
dollar area (i.e., foreign) has, seen from the
Japanese point of view, a domestic content of

70% which means that the other 30% (of the
Japanese part) are imported into the NON-
dollar area from the dollar area. Exit 43

shows the paArity numbers for devaluation and
evaluation, which means:

75% devaluation,
in the NON-

o In the case of a
the benefits accrue
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Figure 14 PARITY SURFACES

dollar area and the (i.e., Japanese)
manufacturer in this area needs at

least a domestic market of
approximately 86% for his total
output, in order to be able to
compensate for the penalty by

selling his product to the dollar
area (i.e., U.S.A.).




o In the case of evaluation by 75%,
the benefits accrue in the dollar-

iAcp FOR 78 8 DEVALUATICH : area (i.e., USA) and the penalty
2RIy — hits the importer of foreign content

00 0 20| into the NON-dollar area (i.e.,

oI - . F Japan). 1In this case, the owner of

f the benefit area (i.e., U.S.A.)

needs only a domestic market share
for his products of approximately
54% in order to compensate for the
penalty in the corresponding market.

The result of the example may be shocking. It
seems to contradict the expectations, based on
macroeconomic theory. However, the result is
most understandable if one considers first the
content relationship (of a specific product)
of the two interacting markets and, second,
the configuration of the interacting benefit
and penalty areas (Figure 10 and 11); deval-
uation results in a linear behaving benefit
7 configuration for the NON-dollar area and in a
s0% or penalty area asymptotic to infinite for the
dollar-area. In reverse, a relative small
non-linear benetit configuration is associated
with evaluation for the dollar area, to be
ﬂﬂ's‘bunun.w,ﬁu‘t NON -§-AdEA balanced against a linear penalty con-

15 Tue BENEFITARCA . figuration for the NON-dollar market.
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Price Decision

The pricing decision for a specific product,
to be sold in the domestic or the foreign
market, will have to consider a large number
of variables. Accepting some artificiality,

VALID FOR 75 X cvacvAaTION - two groups of variables can be determined:
first, the NON-CONTROLLABLE VARIABLES and,
PRiry pomears second, the CONTROLLABLE VARIABLES. The first

are the subject in this paper, the second are
not. Both sets of variables are sketched in
Figure 16 and some will be outlined.
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The non-controllable variables are indicated
with the heavy 1lines on the left half of
figure 16. The exchange rate is definitely
beyond the control of the industrial manager;
the foreign content (in i.e., the U.S.A.) and
the foreign-foreign content (in i.e., Japan)
is not cast in concrete for all times, but
definitely quite uncontrollable in the short-
run. I would prefer to call the non-
controllable variables the physical variables
of the decision, whereby the exchange rate
represents the tool of measurement and the
foreign content and the foreign-foreign
content the physical structure of the product.

The are all those
variables on the right side of figure 16. It
must not be controllable in the strict meaning
of the word; but they can be influenced at the
corporate level, utilized or even bypassed.

In short, they are those variables "one can
work with." Some shall be called out:
corporate goals, market conditions and

national determinants.

Leverage: The power the supplier has over the
buyer. Is it a necessary import or a
convenience import, just nice to have it? Is
it a single source or must the supplier
compete with possible other sources? Does a
long-term contract in dollars or yen or
German marks exist? will an exorbitant
supply-price create competition? Is tech-
nological substitution possible? This is

approximately the menu of questions a supplier
will ask himself in the determination of the
sales price for his product. There is NO
general answer to those questions; the answers

will be product-specific and can only be
developed, if the foreign and the foreign-
foreign content of a specific product is
known.

: Uncountable corporate goals
might exist. But, they may all fall between
two boundaries: profit or market penetration.
If profit is the driving force, a manufacturer
with a large domestic market in the NON-Dollar
area might forego exports; if the export
market, however, is needed to remain on the
low end of the unit cost curve, the foreign
manufacturer might trade-off profits against
market penetration in the dollar area and
price accordingly.

Market conditions: Will be different from
country to country and from product to
product. Market elasticity, marke* size and
economic production quantity for different
product, the relationship of the prime and the
subcontractors and similar aspects will
influence to individual price decisions.

Natigonal Determinants: Every business in the
world must operate and execute its decision
processes within the confinements of the

national laws such as (just to mention a few):
banking and credic regulations, competition
and antitrust regulations, labor laws and tax
structure =252 tax regulations. And here, at
best we cun divide the industrialized world
into two "thinking-zones" but all aspects of
uniformity crumble. The first thinking 2zone
is the area of the common law (U.S.A. and
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G.B.) and the other is the world of the Code
Napoleon (Continental Europe, Turkey and
Japan). Just one extreme example: the arms
length borrower/lender relationship in the
U.S.A. is determined by the Glass-Stiegel Act
of 1933, while banks and borrowers in Germany

and Japan are strongly interwoven and the

banks are an unofficial instrument to
formulate national economic policy. As
consequence, for example, a Japanese producer
may be able to subsidize his exports from his
domestic  benefits and be protected from
internal competition, while the u.s.
manufacturer may have to be concerned with
internal and external competition. In short,
there are TWO DECISION WORLDS and plenty of
differences within each world.

Trend Summary

The ongoing study reported in this paper |is
only concerned with the aspects of the
concept. only Scenario #3 of the area
interaction (figure 1) has been analyzed with
some completion. Therefore, it would be
premature to talk about "conclusions" ready
for publications in a text book. But, it |is
justified to substitute the term "general
observations" for conclusions.

: Product cost are following
physical laws summarized in the market parity.
Exchange rates and product contents are facts.
They are the conseqguence of past decisions
but, in itself, value-free. Hence, we have
physical determinants.

g Product prices are based on
product cost, but subject to value-driven
forces originated in the domain of politics.
Accordingly, price decisions can be as diverse
as value variations might exist. Hence, we
have value determinants.

Observation #3: Macroeconomic theory is not
designed to provide specific product oriented
answers about the benefits and penalties
because of changes in the exchange rates.
Microeconomic observations for all products
can practically not be collected. The
development of a physical product taxonomy and
a sample technique might be able to bridge the
gap between macroeconomic theory and necessary
microeconomic knowledge. (Work in this area
is ongoing).

: Cost trends as consequences
of changes in the exchange rate are clear.
They depend on the physical content of

products. Price trends are at least fuzzy.

EPILOGUE

I opened Pandora's Box on the subject of
exchange rates. I let the answer hang in the
air: "It all depends"; the consequences might
be good, they might be bad. only on a
product-by-product basis is a Jjudgment
possible. fYou have the right to call it
heresy. But, before you do it, please re-read
the foreword, where I told you what to
expect: 1 expect your comments in the search
for understanding of the phenomenon of
exchange rates in order to develop a useful
tool for the decision-maker in the military
acquisition process.




TRIANGULAR FREQUENCY DISTRIBUTIONS,
AN OLD CONCEPT UPDATED FOR THE NINETIES

Dale E.

McMabb,

CPCM, NCMA Fellow

10 Alr Force Systems Command (1)

ABSTRACT
In writing NCMA’s training manual on
negotiations (2), the author tried to survey
and incorporate the best of the current

writings and thoughts on negotiations.
However, what became readily apparent was
that, while there was a great deal written on
how to negotiate a position, there was very
little on how to develop the various positions
for a negotiation or 3just what were the
reasonable and objective criteria to be used
in resolving differences. There seemed to be
little recognition of ©basic probability
concepts or their implications for developing
negotiation positions. Bottom line is that you
can’t realistically estimate, analyze, or
negotiate "fair and reasonable" prices (or any
significant contractual incentive arrangement)
without addressing the underlying
uncertainties or risks involved.

This paper presents a systematic approach for
incorporating probability into negotiations.
It uses a simple triple-entry approach (low,
middle, and high estimates) and updates and
extends the concept of triangular frequency
distributions (TFDs). As an estimator, buyer,
or auditor, you can use the developed model, a
series of integrated spread sheet templates,
to accurately cost model requirements and
graph them for easy review. Then you can
calculate the probability for a given cost
(estimate) or cost for a given probability.
If used by the parties to better understand
the risks involved, it can greatly facilitate
negotiations.
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INTRODUCTION

The buyer, in establishing a going in position
with all the most optimistic estimates, is
just as unrealistic as the seller using all
the most pessimistic ones. Further, for the
target or objective position, we sometimes
instinctively choose the *“most often" or mode
position, This is frequently unrealistic
because it doesn’t consider the possible range
of costs. A more rationale objective position
is when there is an equal fifty percent chance
of an overrun or underrun. Unfortunately,
such "mean probabjilities” or medians are
determined by position and cannot be pyramided
through the cost breakout to create a
statistically valid "expected value" for the
requirement. For example, the mean prob
values for labor rates and the projected hours
cannot be multiplied to get the mean prob
value of the total labor costs; however, the
arithmetic means of these two elements
multiplied, would give you the arjithmetic mean
of total labor costs. While the arithmetic
mean equals the mean prob (with a fifty
percent of an overrun Or overrun) for
symmetrical distributions, they can vary
nearly 5% of the vrange (high minus low
estimates) for highly skewed distributions.

In such situations, the mean prod may need to
be determined as the last step in developing
the objective position. Bottom 1line is that
you can’t realistically estimate, analyze, or
negotiate fair and reasonable prices (or any
significant contractual incentive arrangement)
without addressing the uncertainties involved.
The simplest way to do this is start with
three estimates: (A) "Lowest Probable"--1
chance out of 100 it will be less than; (B)
"Arithmetic Mean"--the middle position can
also be input as "Mode" or "Mean Prob" and
automatically converted by formula; (C)
"Highest Probable"--1 chance out of 100 it




will be greater than. (Statisticians out
there will recognize that, for practical
purposes, the above defines the spread between
low and high estimates as 4.6 standard
deviations for symmetrical distributions.)
How you develop these estimates will vary with
the situation. For the middle position, mode
or mean prob estimates are generally developed
through judgmental approaches and arithmetic
means through statistical ones. Once you have
these three estimates (low, middle, and high),
you can develop a trianqular frequency
distribution.

TRIANGULAR FREQUENCY DISTRIBUTIONS (TFDs)

Though the concept may be even older, it was
at an Air Force Institute of Technology
pricing course in the early seventies where
the author was first introduced to the concept
of TFDs. It was pointed out that for many
real-world situations, the TFD with its area
set to "1" represented data far better than a
forced application of the standard frequency
distribution (SFD). 1In retrospect, what was
lacking at the time was modern personal
computers with the software applications
necessary to carry the concept further. For,
combined with the power of a modern spread
sheet such as Lotus 1-2-3 (c¢), this approach
has the advantage of being simple to analyze
by manipulating the area of a triangle
formula, to graph and consequently to
visualize and better understand complex
relationships. Probabilities can be readily
calculated from cost positions and vice versa.
The first practical application of these
updated concepts was the Subcontracting
Incentive Contingency Reserve (SICR) Cost/Fee
Model, currently being distributed by NCMA on
a non-profit basis (3). Further research has
shown that functions analogous to many
advanced statistical techniques can also be
accomplished. The TFDs can be "multiplied" and
“added" as needed, with their uncertainty
reduced mathematically in accordance with the
central limit theorenm.

SPREAD SHEET TRIANGULARS (SSTs)

All of these concepts have been incorporated
into basic scratch pads (Lotus templates) for
cost estimating, cost analysis, and
negotiations, which NCMA is currently beta
testing for possible contribution to the
profession. For an introduction to these
templates, which serve as the foundation for
the following discussions, please now review
the SST reference materials attacned at the
end of this article.

UNDERLYING CONCEPTS

Figure 1 shows an overlay of the Standard
Frequency or Gaussian Distribution (SFD) and a
symmetrical Triangular Frequency Distribution
(TFD). We used a standard text book ordinate
table to determina height of the SFD curve
(4), though it would have been possible to
have calculated these values directly. Height
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Fig 1- TFD vs. SFD
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of the TFD, as most of our TFD calculations,
was derived from the area of a triangle
formula (area = 1/2 base * height). The area
of each right angle was set at .5 and the
overall base at 4.635 SDs, a constant for the
symmetrical TFD. When these curves are
represented as cumulative probabilities
(areas) in Figure 2, it can be seen that the
TFD gives essentially the same probability
answers as the SFD to plus or minus 1.3 SDs.

Beyond 1.3 SDs, its accuracy falls off rapidly
showing 0% at -2.3 SDs (vs. 1.1% for the SFD)
and 100% at +2.3 SDs (vs. 98.9% for SFD).

Fig. 22 TFD vs SFD
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For practical purposes, this translates to
very accurate TFD calculations of
probabilities between 10% and 90%. The TFD

also handles non-symmetrical distributions
better than many standard statistical
approaches, as will be seen in reviewing the
following graphs and working your own
examples. Figure 3 illustrates the
relationship of the arithmetic mean and mean
prob (median) in TFDs. Interestingly, an

arithmetic mean less than 33.7% or above 66.3%
of the range (high estimate-low) or for the
mean prob, 29.3% and 70.7%, are not possible.
(Yes; they do total to 1.) These represent,
at one extreme, where the low and mode are the
same and, at the other extreme, where the mode
and the high are the same. Obviously the mode
can vary all the way between 1low and high
estimates and, even at these extremes, the TFD
can provide an accurate representation of the
data.

Fig 3. MEAN PROB vs ARITH MEAN
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As indicated, the SD for a symmetrical TFD is
the range (high estimate - low) divided by
4.635, or more precisely 4.6356847844. 1In
terms of the SFD (and for estimaiing
purposes), this means that for the Lowest
Probable Estimate there should be one chance
out of a hundred for the outcome ¢to be lower,
and for the Highest Probable Estimate , one
chance out of a hundred for the outcome to be

higher. In researching this area, we affirmed
that the Standard Deviation (SD) is not a
constant measure of dismersion. The SD is

calculated for a population as the square root
of the sum of the differences squared between
the population values and the arithmetic mean
divided by the number in the population.
However, the arithmetic mean is the measure of
central tendency most affected by extreme
values; therefore, the SD as a measure is
similarly affected. As illustrated in Figure

4, the calculated value of the SD increases as

Fig 4: STANDARD DEVIATION (SD)
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the mode shifts to the low or high extremes,
even though the low and high extremes remain
the same. (The relationship shown is for TFDs.
A similar relationship should exist for all
types of highly skewed frequency
distributions.) Since the SD as a measure of
dispersion varies depending upon how skewed
the frequency distribution is, this had to be
taken into consideration when developing our
algorithms to add and multiply TFDs.

These developed algorithms use a stratified
Monte cCarlo simulation for TFD additions or
multiplications. By stratified, we mean that
each of the first or "top" TFD’s 2% area
increments are added or multiplied against all
of the next TFD’s 2% increments. This
generates accurate simulations representative
of a much larger random sample. With the 0%
increment (since there’s also a 100%
increment) the simulation calculates 2,601
values, which are then sorted to determine the
mean prob (median). The arithmetic mean is
also calculated. As illustrated in Figures 5
and 6, given ratios or relationships exist
between the arithmetic mean and mean prob of
TFDs, which can be used to determine the new
mode and, in turn, the new extremes (high and
low estimates). This approach also has the
advantage of automatically adjusting for the
changing value of the SD and reconstructing a
new "best fit" TFD. When you’re running the
algorithms, instructions are provided so you
can actually view a comparison of the Monte
Carlo simulation and a reconstructed TFD,
similar to that shown in Figure 7.




Fig 5 DETERMNNG THE MODE
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Fig 6 DETERMINING THE EXTREMES
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The Graph in Figure 7 depicts what happens
when you add two symmetrical TFDs, each with
low values of 1, arithmetic means of 2, and
high values of 3. No surprises here and
confirmation, in accordance with the .‘entral
limit theorem, that uncertainty or rick has
been reduced. The former lowv values added
equal 2, but the additjion algorithm indicates
2.6 as the lowest probable estimate for the
added TFDs. Likewise, the former high values
added equal 6, but the addition algorithm
showvs the highest probable estimate as 5.4.
Just this one addition, assuming independence
of the variables, has brought about a 30%
reduction in the 1low to high range! (Equal
magnitude, symmetrical TFDs wvere selected to
accentuate the reduction for this addition
example.)
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Fig 7 TFD ADDITION RESULTS
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You get even more surprising results when TFDs
are multiplied. Fiqures 8, 9, and 10 provide
examples. In Figure 8, two TFDs, each with
lows and modes equal to 1 and highs equal to
3, are multiplied. The expected skewed
distribution to the right results, along with
what turns out to be the largest uncertainty
reduction (almost 40%). In Figures 9, two
symmetrical TFDS are multiplied, each with
lows equal to 1, modes equal to 2, and highs
equal to 3. The simulation and TFD show a
distribution still skewed to the right, though
with lesser uncertainty reduction (almost
30%). The biggest surprise comes when we
multiply two TFDs, each with lows of 1 and
modes and highs equal to 3. While the TFD
fairly represents the resulting simulation, it
is not significantly skewed and 1little
uncertainty reduction has actually occurred

Fig. 8:  TFD MULTIPLICATION RESULTS
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Fig 9 TFD MULTIPLICATION RESULTS
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Fig. 10° TFD MULTIPLICATION RESULTS
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about 5%). It appears that the preponderance

ét larqor)numbors being multiplied impedes the
uncertainty redirction. We have kept the TFDs
being added or multiplied identical only for
illustration purposes. In the real world, the
mode, magnitude, and ranges of the TFDs being
added or multiplied will usually vary.

In some situations, usually when the low
estimates are at or near zero as in Figure 11,
the simulation may generate an arithmetic mean
and mean prob beyond that which can be handled
by a TFD. When this happens, the algorithm
goes to its extreme adjustment, low estimate
with mode the same. Since the correct
arithmetic mean is automatically inserted when
the data is called back from the simulation,
the net result is that uncertainty reduction
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Fig 11: TFD MULTIPLICATION RESULTS
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may be slightly understated. Likewise, if for
some reason the algorithm generates an
estimate lower or higher than possible, it is
also automatically adjusted to the limit when
called back from the simulation.

A final area which needs to be addressed

is
dependent and independent probabilities. As
examples, the cost of materials can affect
direct labor and, in turn, the amount of
direct labor can drive overhead. SST
templates can address such dependent and
independent relationships the same way that
accountants and costs analysts do. The

variable or dependent portion of the costs can
be expressed as percentages of driver cost
positions. The potential spread of fixed or
independent costs can be calculated on the
arithmetic mean of driver cost positions.

CONCLUSIONS AND SUMMARY

In summary, NCMA’s new SST templates are an
integrated series of basic scratch pads for
cost estimating, cost analysis, and
negotiations. They integrate simple,
conservative but very powerful probability
concepts, which have the potential for
significantly reducing the uncertainty (or
spread) in cost or other estimates. They’re
designed to 1let you accurately cost model
requirements, graph, and manipulate the data
for easy review. If used by the parties to
better understand the uncertainties involved,
they can greatly facilitate negotiations.

What wWe need now are some hard-nose
professionals to really put them through their

paces and suggest improvements. Beta test
copies of the templates will be available for
interested participants at the 1989

Acquisition Research Symposium.
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COST ISSUES ASSOCIATED WITH TRUSTED CODE ACQUISITIONS

Margaret E.

Bisignani, The MITRE Corporation

Teresa S. Reed, The MITRE Corporation

ABSTRACT

Computer security is a legislated requiremert in
all Department of Defense (DoD) computer
acquisitions. A significant amount of effort is
being expended to create security policies and to
develop engineering skills in computer security.
However, virtually no effort is being directed
toward understanding the impacts of integrating
security into a total systems architecture. The
few existing secure commercial off-the-shelf
(COTS) software products are not always suitable
for providing adequate protection for many
applications required by a secure computer system.
There is, therefore, a need to develop trusted
code for those instances. In addition, the
Computer Security Act of 1987 requires all
governmant agencies to address computer security
risks, to develop computer security plans, and to
implement a minimal level of computer security by
1992. This legislation ensures that the need to
develdd trusted code will only increase in the
future.

This paper presents the preliminary results of a
research project examining the applicability of
commercially available software cost and schedule
models for estimating trusted code developme..ts.
The first step in this examination involves a data
collection effort where software metrics pertinent
to trusted code development are collected from
industry, Government, and academia. The data
collection tool and process used to gather
information are presented. Next, a security
overview and a brief discussion of the software
metrics pertinent to trusted code development are
presented. The feasibility of calibrating
(adjusting) three commercial cost and schedule
tools to a trusted code environment is examined.
Finally, the results of several calibration
atempts are presented and their implications
concerning the trusted code life cycle are
discussed.

INTRODUCTION

Computer security is a major requirement in most
Department of Defense (DoD) and non-DoD
procurements; it is legislated by the Computer
Security Act of 1987 (Public Law: 100-235). By
1992, all military personal computers must conform
to a minimal level of security as defined in
Department of Defense Directive 5200.28-STD, also
known as the Orange Book (1). A major consequence
of this Act vill be the need to develop
specialized software known as trusted code.
Trusted softwvare ensures the protection of
classified information from unauthorized
disciosure, modification, or destruction.

85

Traditionally, computer security has been
accomplished by providing physical and
administrative system safeguards. This assumes
that threats to private information come from
outside the system boundaries. However, with the
advent of distributed processing, distributed
databases, communications networks, and
requirements for specialized operating
environments, physical safeguards do not always
provide sufficient protection.

The *ypes of systems examined in this research are
secure computer systems that have trusted
applications running on trusted operating systems.

RESEARCH OBJECTIVES

The focus of this research is the calibration
(adjustment) of software cost models to predict
the impact of DoD security requirements on
software cost. Although the methodology presented
is DoD specific, it can be tailored to reflect a
commercial development environment. This approach
was selected for two reasons. One, classified
information is clearly Jefined by DoD (Top Secret,
Secret, etc.); wheruas, the private sector has no
general consensus concerning a uniform definition
of classified information. Two, the DoD's
computer security standards are the most explicit
available.

This research project is predicated on the thesis
that:

o There will be an increasing need to
develop trusted code.

o Program management tools are needed to
predict, monitor, and manage the
trusted code development process.

PROJECT OVERVIEW

Figure 1 graphically illustrates our approach to
this project. The left side of the figure
presaents the current state of the art in software
cost estimating. Most software cost estimation
techniques are based on the traditional
*waterfall® model of the software development
process. This process {s described through a set
of measures or metiics which quantify various
aspects of the development process and resulting
softvare product. These metrics are correlated to
cost, schedule, and/or effort using statistical
analysis. Such analyses form the basis of many of
the commerciai software cost estimation tools
available today, such as the G.E. PRICE Software
Modal. SPOR-20, Softcost-R, SLIM, and COCOMO.
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Our basic approach (illustrated i{n the center of
the figure) was to expand upon the traditional
model of the software developmant process, by
deriving a security specific trusted code
development process model with its own metrics
base. We accomplished this by applying our
understanding of the Orange Book, enhanced by
discussions with experts from the MITRE Washington
Security Technical Center. The rcsult was a draft
version of a trusted code development process
model which we used to calibrate the GE PRICE S
model in 1987. This calibration was the basis for
our FYB8 draft trusted code cost methodology which
has been documented extensively in the open
literature (2,3,4,5). In FY89, we expanded our
initial approach by instituting a trusted code
data collection effort. We surveyed publications
from the fields of cost estirmation, software
engineering, and computer security in order to
determine a set of measures which quantifies the
trusted code development process (see right side
of figure 1). This set of metrics had to satisfy
two requirements: 1) the measures had to be

adequate to describe the security festures of <he
software product, and 2) the measures had to be
capable of providing input parameters for the
models we would attempt to calibrate.

Once we determined a draft set of the metrics
pertinent to both trusted code and the models of
interest, we generated a data survey instrument or
questionnaire. This was circulated to two sets of
possible respondents: 1) a set of contacts in the
computer security community, and 2) a set of
contracts generated from a blind circulation of
the questionnaire at the Fourth Annual Aerospace
Computer Security Conference in December 1988.
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FIGURE 1
PROJECT OVERVIEW

Nine questionnaires were returned, five of which
had useable data. This was not sufficient to
support an in-depth statistical analysis of the
responses. However, we were able to use these
responses to qualitatively refine the FY88 trusted
code cost estimation methodology, and to examine
the feasibility of calibrating three commercial
cost and schedule models to a trusted code
develcopment environment.

OVERVIEW OF COMPUTER SECURITY

The need for computer security is well understood
although the way to achieve security and the
impact it will have on system development cost is
not always clear. Over the last several years the
government has investigated techniques for
developing trusted computer systems to protect
computer software and data. There is no simple
rule for creating such a system. To be irusted, a
computer system must reliably enforce a specified
policy for accessing the data it possesses while
it accomplishes the functions for which it was
built. (6) Some trusted systems are subjected to
formal development techniques and stringent
testing procedures to ensure that they function
correctly. (1)

Securicy Criteria Classes

At the beginning of a trusted code development, a
risk analysis of the planned system is performed
to identify threats to the system and potential
system vulnerabilities. The results of the risk
analysis are used to develop an i{nitial set of
security data requirements which is an input to a
system decision paper. Then, a project plan is
developed and quality assurance controls are
outlined. At that point, a set of fundamental
security requirements is identified. These
requirements are develooed within a framework of




security criteria which ensure, to some degree,
the integrity of classified information maintained

by the computer system.

The Orange Book groups security criteria into four
hierarchical divisions: D, C, B, and A. These
divisions are further divided into classes. In
order of increasing security protection required,
the classes are: D, Cl, C2, Bl, B2, B3, and Al.
We have identified the criteria class as the
primary cost driver in trusted code developments.
These classes are briefly defined as follows:

1. D - Minimal protection is provided.

2. Cl - Access is limited based on a set
of system controls accountable to the
individual user or groups of users.

3. €2 - 1Individual access controls are
more sophisticated. Users are
individually accountable for their
actions through login procedures,
auditing of security-relevant events
and resource isolation.

4. Bl - In addition to C2 requirements,
data labeling and mandatory access
coutrol are present. Flaws identified
by testing are removed.

5. B2 - The system is segregated into
protection-critical and nonprotection-
critical elements. The overall system
is resistant to penetration.

6. B3 - The system excludes code non-
essential to security enforcement.
Audit capability is strengthened. The
system is almost completely resistant
to penetration.

7. Al - The system is formally verified
via a mathematical proof.

The higher levels of trust outlined here actually
implement few additional security mechanisms.
Instiad, they introduce additional verification
and distributiun controls to enhance configuration
integrity.

Security Operating Modes

At present, three security operating modes are
used to describe the operating environment of
systems that process classified information.
are dufined as follows (1):

They

1. Dedicated Mode - All system equipment is
used exclusively by that system. All users
are cleared for and have a need-to-know for
all information processed by the system.

2. System High Kode - The system is cleared to
one level of security. All users accessing
the system have obtained this level of
clearance at a minimum. All information on
the system is maintained at the system
level of clearance, even if the information
is unclassified. No information at a
clearance level higher than the system
clearance level is stored on or processed
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by the system. All system output must be
marked with the highest security
classification of the material contained in
the system.

3. Multi-Level Security (MLS) Mode - Various
categories and types of classified
materials are simultaneously stored and
processed in a system. This permits
selective access to the material by
uncieared users and users with varying
security and need-to-know clearances.
Separation of personnel and material is
accomplished by the operating system and
assoclated system software.

DATA COLLECTION PROCESS

Our research involved a data collection activity
focused on several data categories: a profile of
the organization, project-specific data, and
security specific data.

The e provided
demographic information including: a description
of the type of business organization, size by
annual revenues, size of the software development
portion of the organization, percentage of
business base dealing with government contracts,
percentage of business base dealing with trusted
code development, and the organization’s level of
experience with trusted code development.

provided us with an
understanding of the project. Its measures
included: the identification of the primary user
of the software (DoD, Government non-DoD,
Commercial), the status of the program, and the
data needed to calibrate existing software cost
models.

Security specific data allowed us to identify
metrics associated with trusted code development
including: the operating mode of the software,
accreditation level, familiarity with the Orange
Book, clearance level of -he developers, and
clearance level of the system users.

COMMERCIAL MODEL APPLICABILITY

Industry data was used to investigate the
applicability of several cost models for trusted
code cost and schedule estimation. The models
examined were: SPQR/20 from Software Productivity
Research, Inc.; Softcost-R from Reifer
Consultants, Inc.; and, PRICE S model from G.E.
PRICE Systems.

We were unsuccessful in calibrating either SPQR/20
or Softcost-R to a trusted code development
environment. SPQR/20's internal calibration
feature was not sufficient to allow such an
extensive calibration, and Softcost-R's internal
calibration caused model execution errors since
the costs exceeded the model’s built-in limits.

Although the cost of trusted software was outside
the bounds of both SPQR/20 and Softcost-R, we were
able to calibrate the PRICE S model. Model inputs
dealing with reliability, complexity, operating
environment, organizational experience, and
software size were adjusted using industry data as




a guide. The specifics pertaining to PRICE
model calibration are being prepared for
publication.

COST RESULTS

S

Figures 2 through 6 show examples of applying the
calibrated PRICE S model for the following f{ve

system application types:

Systems (MIS), Data Base Management Systems
(DBMS), Real Time Command and Control,

Communications, and Operating Systems.

presented for each of the criteria classes
described in the Crange Book; these costs are
normalized to the cost of a system with no

security requirements (Baseline).

Management Information

Costs are

These sample

curves illustrate a severe cost penalty for the B3
and Al criteria classes.
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CONCLUSIONS/SUMMARY

Our research indicates that additional costs for
secure software are distributed throughout the
system life cycle. Specifically, more time must
be spent in both the design and test phases. To
develop a trusted system, security must be
considered early in the life cycle since security
mechanisms cannot be added to an existing design.
The implementation language should have a well-
understood, well-supported compiler.

Additionally, the implementation language should
be intentionally designed so that the programs can
be verified. More formal system documentation is
also required to demonstrate that specified
security mechanisms have been irplemented in the
system. Moreover, there is more emphasis on
configuration management. Some performance
degradation may occur as the level of security
features are increased; for time critical
applications, this degradation may be overcome by
providing more powerful (more expensive) system
hardware. More time must be spent in the testing
phase, especially if the software is expected to
perform at the Al level. The formal, mathematical
proof required at the Al level is a time intensive
activity. Intuitively, software maintenance costs
should be reduced since the software is thoroughly
tested in the development phase. However, any
enhancements in the maintenance phase of the life
cycle will require stringent testing and possibly
recertification of the whole system.

Finally, it is imperative that program managers of
secure software system developments share co:t and
schedule information with the cost estimation
community. Techniques for costing secure products
can only improve as communication between the two
communities increases.
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BUDGET PROCESSES AND DEFENSE ACQUISITION

Miguel A. Otegui, Defense Systems Management College

ABSTRACT

Funding instability iz one among the many
problems that a program manager has to face
in trying to deliver weapon systems on
schedule and at or below cost. In fact,
funding instability has been blamed for both
schedule slippsges and for the resulting cost
growthe. The problem, while widely
acknowledged and discussed, has seldom been
defined with p*ecision, nor quantified
adequately. On occasion, funding
instability has been discussed in terms of
divergence between proposed Five Year Plan
program funding and that actually obtained
during the yearly budget submissions. On
other occasions, budget instability has been
attributed to congressional micro-management.
In addition to itz inadequate quantification,
the problem lacks a clear theoretical
framework to explain the mechanisms whereby
budget instability translates itself into
inefficiencies in acquisition. As a result,
budget instability, while given visibility at
the highest political levels, has failed to
achieve credibility sufficient to secure
effective remedial action.

The budget process is heavily tinged with
political overtones. By contrast, efficient
acquisition requires business-like attitudes
and processes. This dichotomy is a the core
of the budget instat’'lity problem: given our
political and soocial gtructure, a clesar cut
solution seems our of reach (at least in the
foreseeable future) but improvements are
quite possible. In an effort to provide
theoretical and factual underpinnings for
such improvements, this paper discusses that
portion of budget instability that arises
from the budget process, and its impact on
the cost of the weapons gystems being
procured. This iz done by a croads-sectional
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study of selected appropriations and weapons
systems for fiscal years 1088 and 1080. The
first biennial budget provides unique
insights into the budget process, specially
since biennjial budgets are being discussed as
a step towards budget stability. After
discussing the appropriataness of the data
used, the study presents its findings and
concludes that, while the existence of budget
instability is supported by the data, its
impact on the day to day acquisition process
is less clear. Further data collection and a
more rigorous and expanded study is needed to
achieve the changes in the budgetary process
required to foster budget stability.

INTRODUCTION

On 20 December 1088 the then Under Becretary
of Defense for Acquisgition, Mr. Costello,
sent a letter to the President of the Senate
reporting on the actions taken by the
Department of Defense (DoD) to simplify its
acquisition procedures, Among the items
discussed, the letter qualified the FY 1088-
89 budget ag "a serious effort to promote
stability and consistency in defense
budgeting’ and asserted that °the
contribution of this recommendation to
program stability will depend largely on the
cooperation of Congress...DoD...will gubmit a
biennial defense budget for FY 1000/FY
1091.°" Unfortunately, the cooperation
sought was not forthcoming in 1087, and
stability was not achieved with that budget.
Cooperation from the Congress seems gtill to
elude us: the mood on the Hill does not seem
to be much different today.

How does budget instability detract from
efficiency in acquisition, and why would
biennial budgets sclve the prodblems
associated with it? There are no
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straightiorward answers to either ~f those
questions. Budget instability bhaz a
definitional problem: it represeni- different
things to different people. For former
Secretary of Defense Frank Carlucci, budget
instability meant lack of “steady, moderate
funding growth® and °“congressional
micromsnagement,’ which result in a weakened
defense posture and in inefficiency of
operations. * As this is a comprebensive
definition, we will briefly analyze its two
main components in setting the scope of the
present paper.

REQUEST vs. PY ACTUAL
DOD PROCUREMONT

presented to the Congress by the Department
of Defense.

The yearly request for procurement funds
(budget authority) for each service, as
reflected in the President’'s budget in
January, was routinely reduced by about ten
per cent, with even larger reductions
relatively frequent. When there were
increases, they were provided on short
notice, and the January formal request was
ballooned by supplementals and amendments. No
wonder inefficiency can result when this
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Figure 1. Cbhanges to the procurement accounts, FY 1072-88
Sources: Budget of the United States

Wational Defense Budget Estimates.

TOP-LINE FUNDING INSTABILITY

Figure 1 presents a compacted view of the
instability problem: the procurement budget
request often envisions relatively large
increases over the funding received the
previous year, only to see the request
decreased again in the budget year. Figure 1
also shows very clearly how top-lire
instability is related in terms of annual
increasas and decreases to the estimates
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*instant stability’ is superimposed over the
long term funding and program instability
inherent in our political and budget
processes. The vagaries of the national
economy, the uncertainty of the threat, and
the lack of political consensus as to proper
funding level for defense all conspire to
preclude rational and stable long-tera
planning and funding.

It is apparent that profound--and



unfortunately unlikely--changes in the way
that Congress conducts its business are
necessary for the Department of Defense to
obtain a guarantee of “steady, moderate
funding growth” spanning any long period of
tims. The constitutional mandate,* the
doctrine of separation of powers, the short
term tenure of legislators (and, for that
matter, presidents) all conspire against a
long term arrangement providing for such a
commitment. In a pluralistic/adversarial
political environment, a biennial budget
would seem to be & more plausible
alternative. But itz gains in terms of
potential congressional acceptability are
obtained by maintaining a wishful approach to
defense planning. Without a crystal ball to
predict the economic and political future,
the Service'’s pianners have to assess the
budgetary outlook optimistically to
approximate a match with the foreboding
future threat. DoD planners have to conduct
long term planning in terms of assumptions
that, year after year, are not met by the
political realities of the budget.

Biennial budgets, then, have a better chance
of gaining acceptance as a means of achieving
a modicum of funding stability for the
acquisition program. However, they need to
be combined with the five year plan on which
they are based--as recommended by the Packard
commission--and spared congressional micro-
management to be effective. Such a biennial
budget would, if not solve all problems, at
least ameliorate their geverity. On the other
hand, unless the biennial budget is
accompanied by some understanding as to the
continuing years, instability caused by lack
of °“moderate, steady growth® and inability to
accommodate within the yearly budget the Five
Year Plan projections will continue.

It is for this reason important to examine
our first try with biennial budgets, since
its fajlure confirms the point just made.
must define the mechaniues wheredby budget
instability translates itself into
inefficiency in the acquisition of weapons
systems; we must examine how budget decisions
affect the cost and schedule of our weapon
systemz. With that on band, we’'ll be in a
better position to press for reform.

LESSONS OF THE FY 1088/890 BIENN1AL

The biennial budget of 1080/1080 wazx one more
in the long list of years where practically
no program escaped change, some being
increased, most being decreased. If not
representative, the biennial budget was at
least typical in the amount and extent of the
changes that it underwent.

Table I summarizes the top-line changes to
the DoD biennial budget. The change in FY
1968 is messured from the budget submission
in Jan 1087 (FY 1088 Estimate)to the budget
submission in Jan 1089 (FY 19088 Actual). The
change in FY 1080 i3 also measured as of
those two dates, but shows one more data
point which is the FY 1080 budget as amended
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by DoD in the hudget gubmitted in Jan 1088.
Thus the change in FY 1080 biennial has two
components: the DoD adjustment, and the
congressional adjustment.

BUDGET CHANGE FY 1888-89 (BIENNIAL)
CATEGORY X 1088 % 19089 % 1989

CHANGE DOD/CHG CONG/CHG
DOD -0.004 -0.101 -0.002
ARMY -0.042 -0.055 0.005
NAVY -0.012 -0.0086 0.010
AIR FORCE -0.114 -0.078 -0.027
RTINS I RECEZIZSIIEECIAEEEEEASEESSEEX
MILCON -0.189 -0.166 -0.007
MILHOUSE -0.082 =0.111 -0.002
MILPERS 0.004 0.023 0.002
OSD/OTHER -0.867 ~1.066 -0.868
o&M -0.052 -0.0490 0.003
PROC -0.047 -0.154 -0.010
R&D -0.168 -0.137 -0.018
TOTAL -0.004 -0.101 -0.002
Table 1. Changes to the Biennial budget.
Sources: Financial Summary Tables and

Budget of the U.S.

A few more numbers are necessary to complete
the picture. The budget request for FY
1088/89 was 8303.3 and #323.3 billion
respectively. Budget actualzs were #283.8 and
$200.2, departing from a FY 1987 base, a
prograa planned to increase by some 940
billion in the two-year budget barely gained
810, not enough to cover inflation.
Acquisition took it on the chin: Research ad
Development took consecutive hits of about 16
per cent, while procurement estimates
suffered a relatively moderate 4 per cent cut
in FY 19088, but a hurtful 13 per cent in
1089. Within procuremsnt, as shown by Table
I1, the missile accounts were hit hardest,
with the Shipbuilding account a net winner in
reflecting the inclusion by the Senate
Appropriations Committee 0of 2 replacement
aircraft carriers not in the original
estimate.

 ESEEEREEEEEECREESCZEEEEZIESEEERNEIEENEREREEEIESRREZIIEZS

BUDGET CHANGE, FY 1088-890 (BIENNIAL)
PROCUREMENT BY CATEGORYzzzzsaszrzz=xc

CATEGORY 7% 19088 % 1989 % 1989

CHANGE DOD/CHG CONG/CHG
AIRCRAFT -0.118 -0.044 -0.021
MISSILES ~0.219 -0.220 ~0.071
weTCV -0.027 -0.083 -0.050
S1 {PBLDNG 0.432 -0.230 0.044
Table I1. Changes to commodity categories
Source: Financial Summary Tables

The first biennial experience did not provide
any conclusive lessons. Congressional
changes to its first year were typical;
Congress did not address the gsecond year.
Based on those changes, and perhaps reacting




to economic conditions and the perceived mocd
of the Congress, the Department reduced the
original estimate for the second year to keep
it roughly at the previous year’'s level plus
inflation. Congress basically accepted this
level when FY 1080 was resubmitted, but still
made its customary changes to individual
programs. Perhaps the most valuable lesson
of the biennial budget process is that form
will not substitute for substance. For
biennial budgets to work, DoD/the Executive
Branch and the Congreas have to achieve a
basic understanding and consensus as to the
level of funding for both years, and a
compromise az to how to minimize tinkering
with individual programs. But this, we
recall, wazs the budget instability problem as
defined by Mr. Carlucci.

THE INSTABILITY-INEFFICIENCY LINK

The Packard report stated succinctly the
cause-effect relationship between budget
instability and inefficiency in procurement:
‘chronic instability in top-line funding and,
even worse, in programs...eliminates key
economies of scale, stretches out programs,
and discourages contractors from making the
long-tera investment required to improve
productivity."® While this description is
more appropriate for an inquiry into budget
instability as a long-tera trend, it still
provides the basic ingredients for studying
the effects of the budget instability
generated by congressional micro-management
and last minute DoD budget adjustments.

In essence, prices should remain constant, or
decline slightly due to learning, if the
conditions of production remain constant:
design stays unchanged, the rate of
procurement does not change, and there are no
changes to the producer’s business base and
workforoce. QGiven & level of utilization at a
producer’s plant, decreases in funding that
require decreases in quantity will nearly
always result in increased unit costs, as
fewsr unitz share on the fixed couts of the
production process.

the

By contrast, an increase in funding could
have twc opposite effects, depending on that
given level of utilization. Ceterisz paribus,
an increase that can be accommodated within
the production facilities in existence will
decrease unit costs, for the reasons
described previously; an increase that
requires changes to the production facilitinea
will produce in turn level or increased
costs. Rlementary economics, clearly, but
necessary to interpret the ocutcome of the FY
19088/1989 procurement. Inefficiency in
procurement (barring fraud and incompetence)
has to be traced to inefficiencies in
production. Thus the instability-
inefficiency linkage is established as
program change which impacts quantity which
in turn impacts unit cost. We will look at
the results of the budgetary process as it
affects individual programs to try to
evaluate this sequence.
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METHODOLOGY AND DATA

At the risk of boring readers with a
procurement budget background, we should
pause now and discuss two aspects of
procurement budget the clarification of which
will be bhelpful in the following discussion.
The first iz the budgetary structure of the
procurement accounts, and its effaect on the
choice of methodolngy; the second is the
physical layout of budgetary data and their
availability.

There are four officially recognized “unit
costs’ for a weapon system ° 0Of interest here
are the "Flyaway  and the “Weapons systems’
cost. Recurring flyaway (and rollaway and
sailaway) is the cost of the weapon mystem
(let’'s say an aircraft) by itself. When
engineering and other non-recurring cost
(non-recurring flyaway) az well as trainers,
publication, and ground support (support) are
included, we arrive at the weapons system
coat.

This is the cost that the yearly budget
request (P-1) reflects: yet as a measure of
the marginal cost of production of one
ajrcraft or missile it is not accurate. The
budget request for a given weapon system may
fluctuate on a per unit baszis quite
independently of the cost of the weapon
system itself. The budget request includes
support for previously bought systems and
non-recurring engineering for future
procurement: the per unit cost of the budget
request depends in part on the quantity of
testers, trainers, and publications procured
on that particular year. In other words, the
unit budgeted cost of the weapon system may
show an increase that, upon analysis, only
reflects additional or increased procurement
of support items with no change to the baszic
unit.

Unfortunately, while weapon systems coszstz are
readily avajlable, flyaway unit costs are
not. Reasonably enough, the different
exhibits prepared for the budgetary review of
the different procurement appropriations are
different in their physical layout, level of
detail, and categorization of costs. This
poses no problem for the budget examiners in
DoD, OMB, and the Congress, since they deal
with specific accounts and there is no need
for across the board comparisons. The use of
specialized exhibits may actually facilitate
their review. Unfortunately, in a cross-
sectional study those differences hamper
collection and meaningful aggregation of
data. In addition, detajiled budget data is
not widely distributed: it has been only in
the last few years that level of detail has
been officially furnished to Congress. Some
of the budget exhibits are classified; still
some others contain contractually sensitive
data; in both cases data collection has to
work around those problems. The end result
is that it iz extremely difficult to assemble
a statistically valid sample.

The physical layout of the data and their




availability largely determined the
methodology and the scope of this study.
Flyaway type data (marginal cost) were
desired to ensure that quantity-cost
relationships were not masked by the
incidence of support costs. In practical
terms, that meant that only aircraft accounts
and missile accountszs would be considered in
the study, as they are the only ones the
exhibits of which (P-35 and P-12,
respectively) easily and accurately portrav
the recurring flyaway/support breakdown.

The study includes practically all Army,
Navy, and Air Force aircraft (Aircraft
Procuremsnt, Army; Aircraft Procurement,
Navy; and Aircraft Procurement, Air Force
Appropriations) as well asz most of the three
services' miszsiles ( Missile Procurement,
Army; Weapons Procurement, Navy; and Missile
Procurement, Air Force.) A relatively few
programs with classified or contract
sensitive data were not included. In order
to allow for a comparison of FY 1086 and 1089
(not included here) the data were f{urther
reduced to ensure that only items that were
procured in both yoars were considered. All
in all, the study includes 20 subjects, not a
very large sample, but sufficient to test our
previously stated hypothesis.

FLYAWAY vs. QUANTITY

Tables III, IV, and V below depict the impact
of the biennial budget process on the
programs selected for study. In addition to
those 20, of course, many more programs in
these and other appropriations were affected
by congressional or DoD action during the
reviuw and appropriation process. For
example, in the 19088 aircraft procurement
accounts the Congress denjed Air Force's
requests for AC-130 U’'s and C-27's, az well
as Navy's request for ERCX. By contrast, DoD
seems to have preempted Congressional action
in the FY 1080 budget by taking out of the
estimate items such am the A-6, the ERCX, the
HH-60, (all Navy) and the C-27 and EH-60 (Air
Force and Army). For our purposes, howeaver,
it is more important to concentrate on items
that remained in the estimate and how they
reacted to budgetary adjustments.

PROGRAM CHANGE, FY 1088
Request to Actual

Total Funding
No Chg Incr Decr

>
»
S ¥o Chg 0 1 15
s Incr 0 3 3
-] Decr 0 [+] 7
[ 4

Total (V] 4 25

Table 1]I. Changes in quantity grouped by
budgetary action on program funding from
budget submission to actual.

PROGRAM CHANGE, FY 10890
Request to Actual

Total Funding
No Chg Incr Decr

>
)
-] No Chg 1 4 18
e Inecr 0 1 1
; Decr [+] (4] 4
o
Total 1 5 23
Table 1V. Changes in quantity grouped by

budgetary action on program funding from
budget submission to actual.

PROGRAM CHANGE, FY 1089
Biennial to Request

Total Funding
No Chg Incr Decr

n
»
-l
» Mo Chg 1 14 8
g Incr [} 3 1
& Decr (] ] 2
Total 1 17 11
Table V. Changes in quantity grouped by

budgetary action on program funding from
biennial submission to budget (10890 budget)
submission.

Two items jump at you from the above charts.
First, the planned funding for every program
was changed in every year (the “no change’ in
FY 1080 refers to two different programs: one
was not changed by DoD from biennial to
budget-amended; a different one was spared
by Congress). Second, program managers were
able to keep their quantity in spite of
change in 71X of the cases.

Three reasons account for this remarkable
resilience: in general terms, funding changes
ware relatively moderate; quantities are
determined by the committees and established
by law( 10 U.S. code 138 prescribes weapons
systems that require quantity authorization);
and procuremant quantities are usually tied
to force levels and operational plang. Given
funding and quantity parameters, program
managers seem to have prioritized and
reschaduled support and other costs not
related to marginal flyaway cost so as to
prevent quantity-change related
inefficiencies and the political and
organizational fallout of not meeting
Congressional or Services’ schedules.

The 281 percen! oi programs that underwent
quantity cbhange as a result of funding change
behaved, as a group, in a manncr that
supports the funding-quantity-flyaway cost
linkage described before. The scatter plot
in Figure ? suggests that a linear
relationship axists between the percentage
change in quantity and the percentage change
in cost for the weapon gystems identified as
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Figure 2. Percentage change in flyaway vs.

percentage change in quantity.
Source: Committee Staff
Procurement Backup Books.

having quantity changes. Using least
squares, the estimated linear regression
equation for this relationship is:

Y = 0.0362 - 0.82774 X

2

with a coefficient of determination (r°) of

0.534.

It would be improper to consider the abdove
computations as the final word in
representing accurately the effect of budget
adjustments on the flyaway cost of wea)on
systems across the board. It has previously
been noted that the procedures used to

assemble the data "-tl. were chosen out of
expediency, not scientific rigor. The

regression line was estimated as linear, yet
a second-degree polynomial regression
function may bave been more appropriate. The
quantity coat relationship is properly
assumed to be linear over a limited range
but, since it is subject to diminishing
returns over the long run, may well in faot
be curvilinear.

Along the same lines, the quantity cost
relationship is not as simple as the model
depicts. The flyaway cost of a weapon system
is affected also by several
conditions/variables which were assumed
constant in the gsimple modal but have to be
incorporated to increase its predictive
value. Two obviously important variables,
configuration changes and planning error,
coms to mind immediately. Changes to the
weapon systems that do not explicitly change
their model but increase their capability and
their cost are quite frequent, almost
commonplace. Then there is the impact of
planning error, when the change disrupts
plans and commitments already in process.

The commitments on long-lead materials and
work inherent in the concept of advance
procurement (unique o each weapon system)
will clearly contribute to the worsening of
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the effects predicted by the gsimple model.
Quantity change and configuration change each
will impact unit cost separately, even if
concurrently. Planning error will impact
cost as & conditional or intervening variable
depending on the production trends and the
amount and composition of the advance
procurement for the particular system.

Incorporating those refinements into the
model presents no unsursountable problems.
Larger samples and more¢ inclusive procedures
would, no doubt, produce substantive
empirical evidence of the negative impact of
budget instability.

CONCLUSIONS

Budget instability bhas been with us for a
long time, with roots that dig deep into our
basic political structure: the budget process
itself has been described as a °“struggle
between the President and the Congress.”

Internal DoD reform and improvements can go
only so far (probably not very far) in
solving it, or in mitigating its effects.
Only political consensus can, realistically,
solve the two problems of °“steady, moderate
funding growth’ and ‘micromanagement”
identified by Mr. Carlucci.

In our adversarial political aystem, ideas
are accepted and consensus reached by putting
them into the context of what the electorate
will support. The electorate will support
efficiency. It is therefore our task to
present convincing, quantified economic
evidence in making the case for budgetary
reform.

That budget instability exists in its top-
line forms has been discussed and clearly
established by many studies, including the
present. Budget instability as nickel-and-
diming of programs has not been as widely
studied, and even less soc at the level of
weapon systems’ marginal cost. There is no
dearth of studies to support the need for
change: there is however, a need for more
study to establish quantitatively the cost of
the current practices. Only when those costs
are properly documanted can long entrenched
budgetary processes be expected to change and
budget instability be reduced or eliminated.
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ECONOMIC ANALYSIS IN FEDERAL CONTRACTS: THE PROBLEM OF PRESENT VALUE

Robert E.

ABSTRACT

One of the consequences of the current budget deficit
is that Government agencies are forced to make tougnh
choices among programs competing for scarce dollars.
A subset of this dilemma of establishing investment
Criteria is the choice between purchasing or leasing
a capital asset. Current regulations on automatic
data processing (ADP/computer) and telecommunications
acquisition require that an economic analysis be
conducted by comparing the discounted (present
value) life cycle costs of these two basic alterna-
tives. Unfortunately, the meihodology prescribed
for the lease-versus-buy decision is flawed, due to
the false analogy that is drawn between public and
private expenditure.

The current Federal guidance for calculating the
present value of lease payments is analyzed, several
inconsistencies in the underlying rationale are
explored, and the case is made that there is little
basis to discount for any factor other than
expected inflation, if even that much can be
justified. The result of the error in methodology
evident in the present value analysis now used for
ADP and telecommunications contracts is to faver
leases inappropriately, which has increased the
costs of programs under contract.

INTRODUTION

the source of present value analysis for ADP contracts
is the Federal Information Resources Management
Regulation (FIRMR; 41 CFR 201, June 1988), which
directs in section 201-24.208(b) that the present
value of money factor set forth in Office of Manage-
ment and Budget (OMB) Circular A-94 must be included
in comparative cost analyses, even though the Circu-
lar specificelly exempts ADP acquisitions. The
single discount rate (currently 10 percent) specified

Lloyd

in the OMB Circular is deemed to represent the
approximate long run opportunity cost of capital

in the private sector. Using this approach, payments
over time are adjusted to reflect the present value
of these payments as of the date of contract award.
For telecommunications contracts, FIRMR 201-24.305
requires basically the same analysis.

The FIRMR also states, in 201-24.208(a), that “the
administrative cost of conducting an analysis to
determine the lowest overall cost alternative shall
be commensurate with the cost or price of tne jtem
being acquired and with the benefits to be derived
from conducting the analysis." Nevertheless, most
ADP and telecommunications acquisitions do feature
a present value analysis (possibly for no other
reason than that the regulation still requires

this "commensurate" analysis). Present value
analysis is an integral part of the General Services
Administration's (GSA) Standard Solicitation Package
for ADP equipment systems (Change 8, Section M.2.2;
see FIRMR 201-32.204). It is important to keep in
mind, though, that the "comparative cost analysis"
using present value referred to in FIRMR 201-
24.208(c)(1) is an analysis of alternative methods
of acquisition, meaning offerors' pricing plans
(lease, lease with option to purchase, lease to
ownership plan, and purchase) for the same project,
not a cost-benefit comparison of the desirability
of spending money on one project versus another

or the discounted value of the expected return for
the amount of funds invested, which are the normal
usages of the term.1

HISTORY OF THE DISCOUNT RATE

The application of a present value discount for
public projects is not new. In fact, the
proliferation of interest rates used by Federal
agencies in making investment decisions was a




source of great concern in the late 1960's, which
prompted a General Accounting Of¢ “e investigation
and uitimately led to the changes made to OMB
Circular A-94 in 1972.2 The choice of a rate is
critical for the types of cost-benefit analyses
that are performed before the Government initiates
large capital investments such as construction of
facilities, etc. Bearing this in mind, the Nixor
Administration saw the use of a high discount rate
as a means to reduce the palatability of public
expenditures and thus indirectly to limit or reduce
Government spending. Mikesell notes thact in the
early 1960's, "it is reasonable to surpose that

a requirement that public projects produce an
adequate yield would have resulted in the rejection
of many proposed projects and therefore a reduced
level of total government investment."3 Hence the
revision to OMB Circular A-94 made in 1972 chose

a 10% standard rate, one which, at the time, was
considerably higher than some of the rates being
used by Federal agencies.d

The decision to use a 10% rate was based, in
part, on a 1969 study of the average rate of
return for the private sector, and the rate was
selected as a measure of the opportunity cost

of investment capital forgone, since "Govern-
ment nvestments are funded with money taken

from .he private sector...and thus must bear

an implicit rate of return comparable to that

of projects undertaken in the private sector."5
The rate has not been revised since 1972, despite
the fact that the past 17 years have been some

of the most turbulent economic times of this
century, and today's economy is markedly different
from that of 1972, particularly with regard to
computers and telecommunications.

The budget implications of discounting are crucial,
for the use of present value analysis is guaran-
teed to make leases seem more favorable in their
pricing than an outright purchase. Not surpris-
ingly, the increased use of lease plans in recent
years has received wider attention. Alarmed at
the presumably high financing rates reflected in
monthly lease prices for ADP and telecommunications
contracts, GSA proposed a Master Installment
Purchase System (MIPS), which planned to separate
the acquisition and leasing functions and offer
agencies lease financing through GSA contracts
awarded to financing companies at rates much

lower than those which would normally be offered
by ADP contractors. OMB, however, recognized

the implications of this proposal and disapproved
it. OMB argued that leases are inevitably more
costly than outright purchase, due to the fact
that agencies must pay the cost of the lessor's
borrowing, which is always more expensive than
Government borrowing in terms of the interest

rate that can be obtained. In addition, financing
schemes such as MIPS “encourage pork barrel spend-
ing."® Equioment leases, as OMB notes, can be
used to "avoid front-end scoring of budget author-
ity," whereas the guiding principle ought to be
that leases "should be fully-funded and require
sufficient budget authority to cover the full
lifetime co§t of the lease in the first year of
the lease."’ Thus we have come full circle to
face the same problem of 1972 (how to reduce
public expenditure), due at least in part to an
improper extension of present value analysis to
contract pricing plans.
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PROBLEMS OF SELECTING A DISCOUNT RATE

The discount rate celected can have a major impact
on an acquisition, not simply by causing an award
to be made to cne firm versus another, but because,
as Lind says, "if the discount rate is as high as
10 percent, the present value of costs and benefits
in the future become insignificant compared with
those of the present."8 Unfortunately, the choice
of an appropriate discount rate, or the use of a
discount rate at all, is not a simple, mechanical
task that can be done after a quantitative analysis
of empirical data. In fact, the choice of a present
value rate represents, by its very nature, a value
judgment involving an exercise in applied welfare
economics by the decision maker.9

Discounting for public projects has been the subject
cf intense debate among economists for decades. Few
universal conclusions have resulted from the debate
other than the fact that the choice of a rate re-
flects the personal views of the chooser. Sen's
compelling analysis of the broader implications

of selecting a discount rate concluded: "There

is, in fact, very little scope for avoiding a
deliberate ethical exercise in choosing appropriate
rates of discount."10 The reasons for this are
multi-fold. When discounting costs over time,

the first question that arises concerns the treat-
ment of present versus future generations. To
perform a present value analysis is to make an
assumption about the value of money and the worth

a current investment will have in the future. By
leasing rather than purchasing, we are deferring
some of our expenditures to future years, yet

the preferences of future persons cannot be known;
this has caused some to view any present value
exercise as undemocratic.!! Mikesell claims that
future citizens will not be helped by increasing
public projects at the expense of private invest-
ment, but only by a general increase in the level
of investment across both sectors.12 In any case,
we cannot avoid uncertainty in the process, because
the costs and benefits of public projects are
unequaliy distributed and valued differently by
different people.i3

Sen notes the difficulty of deciding whether our
postponement of spending can be justified in terms
of our low welfare level as compared with that ex-
pected for future generations, and he poses the
question of whether future generations can
legitimately claim that we are taking something

to which we are not entitled, merely because of
the arbitrary fact that we had access to the
resources before the future generation could;

he concludes that the choice of a discount rate
cannot escape such issues.!4 Sen further explains
that, not only is the interpersona! weighting
implicit in private interest rates different from
the weighting used for public decisions, but the
interpersonal distribution of sacrifices and
benefits is not the same in different types of
investment; “private and social rates of discount
will differ depending on the interpersonal com-
positions of present consumption sacrifices and
future consumgtion gains in the two types of
investment."!

Because of similar concerns, Somers!6 believes
that there is no “social discount rate," because




only the decision makers, whether they are voters,
elected representatives, or appointed civil servants,
can place a value on the stream of future benefits
of a project. Somers comments that a good public
opinion poll would be more useful than a hypo-
thetical discount rate, for the present value

of future public goods is whatever the voters or
decision makers think it is, and the search for a
single discount rate applicable to all public in-
vestment will always be elusive. Some may argue
that vnters are ignorant of the relevant facts for
such decisions, but Somers points out that only
the voters can know their own preferences for
present consumption over the future consumption
represented by a public investme.t; to search for
a proxy 1n the interest rate on Government bonds,
or the private borrowing rate, or the opportunity
cost of capital in the private sector is futile,
especially since citizens may have different time
preferences for different public projects, instead
of the uniformity assumed in the Government's
usual economic analysis.

OPPORTUNITY COST

The FIRMR's rationale for using a 10% discount
factor is that this allegedly represents the
opportunity cost of capital in the private sector.
The original purpose of economic analysis using
present value discounting in public expenditure
was to assist the Government in deciding between
two or more available capital projects for funding
and/or to require publicly funded projects to
generate a return worthy of the investment, as
opposed to leaving the funds in the private
sector. Such discounting was never intended to
be a mechanism for comparing pricing plans for
contractor proposals on the same project for
which the Government was already committed to
funding; this may explain the explicit exemption
1n OMB Circular A-94. The public investment
criterion is whether a project's funds can do
more for society in implementing the public
project than if they were left in the private
sector and the project were not funded at all.l7

At least one author has criticized the reliance
on opportunity cost in such decisions, because
private sector returns may not represent oppor-
tunity costs for the Government; if private
investment opportunities are not the same as
public investment opportunities, private rates
of return are irrelevant for Government decision
making.18 1In addition, it can be argued that
the transfer of one dollar from the private to
the public sphere may have more or less than one
dollar in total capital formation depending on
the yield of the public sector project. An
alternative would be to use the social rate of
time preference, but this technique is equally
open to criticism.'9 One advantage proclaimed
for the opportunity cost method is that there
are observed rates of return available for use
as a guide; unfortunately, though, many ADP
acquisitions are projects without private sector
counterparts, so a proxy for the ogportunity
cost of capital must be developed.Z! More
importantly, however, since there has been no
adjustment in the rate used for Federal projects
since 1972, one wonders whether the 10% discount
rate was chosen for its empirical merit or its
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political value.

A present value analysis may have legitimate

worth in comparing alternatives in a requirements
analysis before tne contracting process begins,
such as that specified by FIRMR 201-30.009(a);
this analysis is similar to traditional cost-
benefit analysis, but regrettably the FIRMR also
refers to this as a "comparative cost analysis,"
even though it is not the same type of comparison
as that used for pricing plans. This requirements
analysis approach to economic analysis can help
decision makers explore feasible alternatives
(with differing returns or benefits versus costs)
for accomplishing required Governmental functions.
In a larger sense, the usefulness of present value
discounting comes at the point in the decision
making process when the Government, including
Congress, is deciding whether to fund a project

or not to fund it (and thereby to reduce spending
accordingly). The budget authority in making its
decision to fund an ADP project should, if possible,
look at the costs of the proposed project (e.g.,
automating a process now being performed manually)
in comparison with the costs of not proceeding
with the project (continuing with manual processes)
and the attendant benefits; application of present
value discounting is arguably appropriate in such
cases to show what would happen over time if a
project were or were not funded. To perform a
present value analysis again when contractor
offers are received for a funded project is not
only redundant or double-counting, but, as we
shall see below, detrimental. Federal agencies
presumably issue solicitations only for projects
that have been approved in a budget, so the
present value analysis should have already been
performed, as the Government has made its decision
to acquire the equipment.

It is interesting to note that the FIRMR's oppor-
tunity cost methodology is not the only means used
by the Federal Government to evaluate lease-
versus-purchase arrangements. OMB Circular A-104,
which presumably does not apply to ADP contracts
because the A-94 rate is required instead, states
that the discount rate to be used is the interest
rate on new issues of Treasury securities whose
maturity corresponds to the term of the lease.22
This is the "cost of Government borrowing"”
approach, which has been criticized for implicitly
regarding the sovereign as if it were a profit-
maximizing organization,23 thereby making the

rate unrealistically low as compared to the cost
of financing faced by private firms investing

in projects. OQverall, it seems incongruous for
the same Government to employ two opposing views
of how and why present value discounting should

be accomplished.

Even more curious is the fact that F{RMR 201-
30.009-1 states that, for acquisitions of $50,000
or less, the "comparative cost analysis" may be
limited to an analysis that shows that the bene-
fits of the proposed system will outweigh the
costs, rather than the present value analysis
required elsewhere in the FIRMR. In other words,
the FIRMR considers a standard cost-benefit
analysis tc be equivalent to a present value
comparison Jf pricing plans (lease-versus-purchase)
in such cases, even though these are clearly two
different types of analyses performed for entirely




different purposes. This confusion reflects an
underlying lack of agreement on both the economics
of discounting and the role of the State in
society.24

PUBLIC AND PRIVATE SPHERES

In private industry, a lease may be more
attractive than an outright purchase, since
funds can be invested at compound interest or
there may be alternate uses of the funds. |In
the Government context, however, budget line
items restrict alternate uses of funds, and
funds are not invested to reap interest. The
standard textbook rationale for performing a
present value analysis is fairly uniform among
economistsof all perspectives and is best
summarized by Mishkin: "The concept of present
value is based on the common-sense notion that
a dollar paid to you one year from now is less
valuable to you than a dollar today because you
can deposit the dollar in a savings agccount and
hive more than a dollar in one year."¢5 It is
a false analogy to say that the Government
should perform a similar analysis when it com-
pares pricing plans for its already-budgeted
expenditures. Buchanan, among others, is
critical of this sort of effort: "Nonmarket
choice cannot, by its very nature, be made to
duplicate market choice....[PJroportionality
between the decision-maker's cost-benefit
matrix and that of the community will not
ensure an approximation to market choice
results in a regime of bureaucratic choice.
Costs as cenfronted by the choosing agents
must remain inherently different in the two
decision structures, and it is these differ-
ences that constitute the basic problem of
securing efficiency in nonmarket choice-
making."26

Apart from the basic dilemma cited by

Buchanan, and in addition to the fact that

a cost-benefit analysis should have already
been performed as part of the requirements
analysis prior to the snlicitation process,
another defect of the present value technique
is that the Government does not invest money

to gain interest. The Federal Government is
now a deficit economic unit and so has no funds
to invest, at least when the Government is
considered as a whole. Even if there were

no deficit, the purpose of Government is not

to maximize its own revenue. A surplus
Government budget is a sign that taxes are

too high or similar imbalances exist. It is
true that the Government does, in fact, lend
funds out at compound interest rates through
the federal Reserve Banks, but the nurpose

of the Federal Reserve System is not to generate
interest income for the Federal Government, but
rather to provide for a safe and flexible
banking system.27 Moreover, the interest that
borrowing banks must pay accrues at the

expense of the banking public.

A further argument in favor of present value
discounting might be that the Government's
acquisition of an item, to the extent that
it represents an investment with some sort
of return (a return-generating expenditure),
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should be evaluated to show the return as it
related to costs. Unfortunately, the FIRMR
states that the 10% discount rate is the
presumed opportunity cost of capital in the
private sector, not the amount of return
expected ivom the public investment, and sin .
many ADP applications have no private counter-
part, it is illusory to compare the two seci.rs
as equivalent. In any case, this sort of analysis
should be made before the decision to include any
funds for the project in the agency's budget. The
matter is further complicated where the FIRMR
addresses telecommunications acquisitions.

FIRMR 201-24.305 allows agencies to use a higher
discount rate for telecommunications contracts
thar that prescribed in OMB Circular A-94 “"to
reflect the agency's desired rate of return to
assure the optimal allocation of its limited
funds." The FIRMR fails to give any explanation
for the inconsistency in treatment between ADP
and telecommunications acquisitions, and this
reveals a basic uncertainty about the purpose

of discounting for present value in Federal
contracts. It should be noted that using a
higher discount rate makes telecommunications
equipment leases seem even more favorable than
outright purchase, even though such leases are
more costly; the intent of this regulation thus
appears to be more to promote telecommunications
usage (and attendant spending) than to promote
efficiency in public expenditure.

The obvious question that arises when the Govern-
ment determines that (based on a present value
analysis) it is cheaper to lease rather than
purchase ADP, is what happens to the money in

the current fiscal year's budget that would have
been used for a purchase but is not spent now

due to the supposed economic advantage of leasing.
In an opportunity cost framework, the money would
not be spent at all; instead, it would be saved
for use in future years to pay for the lease
costs of the out-years. In the Federal Government,
this does not occur. Due to the predominance of
onv-year budgets and statutory restrictions on
transferring appropriated funds from one fiscal
year to the next (see 31 U.S.C. 1308, 1341), any
money not obligated in the year of the contract
award due to the use of a lease plan rather than
a purchase plan is almost always spent in some
other area, because otherwise it will be lost

for the contracting agency's use,28 which means
that there is no real savings in opportunity

cost terms, and overall spending is increased
rather than reduced.

In other words, the premise of the opportunity
cost model of discounting is that in cases where
a project's costs outweigh its benefits, the
project will not be funded and the intended
funding will be left in the private sector. To
superimpose this approach on the lease-versus-
purchase decision process as the FIRMR does
would mean that in cases where leases are more
cost beneficial than purchase plans, the money
saved each year by leasing would not be spent
but would instead be left in the private sector
(or the agency's budget reduced accordingly),
yet this is clearly not the case. The money

is simply spent elsewhere. The opportunity
cost methodology of the FIRMR is therefore
flawed in its basic premise. This sort of




false economy 1s even more evident elsewhere in
the FIRMR, at 201-32.102(d), where the regulation
states that when purchasing equipment is in the
best interest of the Government (based on a
present value analysis) and purchase funds are
not available, the contract may be awarded on

the basis of a lease plan. To do this is to
encourage uneconomical methods of acquiring

ADP resources in the interest of obtaining more
computers.

Even if the FIRMR methodology were appropriate,
1t would suffer from the measurement problems
discussed in the economics literature; the search
for an empirically sound discount rate has been
summed up by Landauer as a "wild goose chase."29
A unitary rate can hardly be applied across the
board for all ADP projects, given the varied
nature of the Government's ADP functions and
processes. The next step is to ask whether
any distinction should be drawn between lease
and purchase plans in the price evaluation for
ADP contracts. One obvious factor to contend
with ts inflation. Supposedly, the 10% discount
rate now used represents a real (vice nominal)
rate of return, so there need be no additional
concern for inflation.3! The 1969 study which
was the basis for OMB Circular A-94's 10% real
rate of return, however, used an average in-
flation rate of 1.6% per year,32 which does not
even approach the levels of inflation experi-
enced in the 20 years since the study. An
alternative to the conceptual difficulties

of using the opportunity cost method would be
simply to discount for inflation, which would
be an easier method of comparing pricing plans
from an administrative perspective (i.e., just
add the expected inflation percentage to the
annual lease amount and then compare the total
lease costs to the purchase price). Further-
more, if one believes in the Fisher effect,
when expected_inflation rises, interest rates
rise as well,33 which would provide at least

an indirect connection to the desired concept
of opportunity cost without the dubious theoret-
ical underpinnings. To simplify the admin-
istrative cost of the current present value
technique would be of benefit in itself, since
this sort of economic analysis of pricing

plans unnecessarily complicates the ADP
acquisition process.34 There would, of course,
be the continual problem of finding an accurate
prediction of inflation, so perhaps even this
method of discounting is equally ill-advised,
but 1t certainly has more support than the
obsolete rate and questionable methodology

now in use.

CONCLUSION

It is ironic that the use of a 10% present value
discount factor in ADP acquisitions has had the
opposite effect of that intended by the decision
makers who imposed the rate with an eye toward
controlling public expenditures. In any event,
the entire concept of discounting for imputed
private opportunity cost has an ill-considered
theoretical foundation. The Government's
several regulations on present value discounting
are full of contradictions and show a lack of
consistency in approach, which reveals a more
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fundamental lack of understanding of the objectives
of discounting. The net result has been both
increased spending and unnecessary complexity

in ADP and telecommunications contracts, with

the latter factor providing fodder for bid
protests.

One of the most pressing problems of public
expenditure that has, until recently, been
obscured by the narrow focus on present value
discounting is the larger issue of funding the
public debt. In this regard, Buchanan notes:
"The best than can be done is to insure that,
insofar as individuals try to estimate accurately
the future benefits in comparison with future
costs, as much information as possible concerning
the extent of these future income and payment
streams be provided. It becomes essential that
some method of financing the debt service and
amortization be adopted at the time of the
initial decision. It is the height of folly

to allow individuals to choose a bond issue to
finance a long-term project with no corresponding
means of paying the service charges."”35 In a
very real sense, applying a present value analy-
sis in the way that is currently required for
most ADP and telecommunications contracts is

to make this same sort of error, for to give
preference to a lease rather than a purchase

plan for a contract is to create the illusion
that we need not pay today for the equipment

we will use tomorrow; providing purchase funds
should be the primary objective, and it the

cost seems too large, then perhaps the money
should not be spent at all, for to lease will
only add to the cost of Government to society.

OMB recently alluded to this larger problem of
public expenditure in criticizing agencies for
disguising the true cost of Government projects
by leasing instead of purchasing. Sound use

of taxpayer funds requires simultaneous decision
making on issues of spending and funding.36

The answer to the often-heard comment that the
Government must lease ADP because no purchase
funds are available is not to lease and thereby
hide (and compound) the true expense involved,
but for elected representatives and appointed
budget officials to face up to the hard choices
that public expenditure involves when deciding
whether to fund a project.
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SPENDING INSTABILITY AND ACQUISITION COSTS

James W. Abellera
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ABSTRACT

Past secretaries of defense have complained to
the Congress that defense spending instability
causes the Pentagon to waste many billions of
dollars each year. In their view instability
disrupts plans that are carefully developed
each year to produce major weapons effici: ntly.
Members of Congress have replied that such
plans are often padded or flawed and therefore
require the spending revisions by lawmakers
which produce chronic instability.

Economic production theory offers several tools
to evaluate these arquments. The study employs
one of the tools to determine how the annual
output of major weapons programs varied during
the 1976-1987 per.iod according to the degree
c¢f annual spending stability enjoyed by
individual programs. Over 200 program years
are analyzed.

The analysis shows that programs that received
close to their planned funding in a given yeur
relatively stable spending =-- typically
planned to produce weapons with high efficiency
the following year. Programs that receivea
much more or much less funding than they had
planned for -- unstable spending -- tended t»
propose inefficient production goals for the
following year.

Further analysis shows that individual weapons
programs: (1) faithfully met their planned
production goals nearly every time that actual
spending matched planned spending; and (2)
often produced all the units planned for even
when legislative revisions caused actual
spending to fall short of planned spending by
as much as 10% to 20%.

The study compares historical DoD-wide weapons
production levels -- levels that were achieved
in a decade of major spending instabilities -
- with estimates of levels that could have been
realized if every individual program had been
able to plan each new year's production by
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accurately anticipating how much rfunding it
would and did get. The results suggest that
normal, chronic spending instability has caused
great waste for the Pentagon and the nation.

ANTRODUCTION
In 1989 Defense Secretary Frank Carlucci
estimated that instabilities in defense

spending cost U.S. taxpayers about $10 billion
annually in lost efficiency. If the figure is
correct, the government's inability to assure
stable spending during the 19808 deprived the
country of what amounts to all the new weapons
and equipment that were actually produced in
1985 and then some. He also proposed a
legislative remedy.(1)

Mr. carlucci failed to define spending
instability clearly, however. And he did not
explain how his estimate was developed, which
may be one reason why the estimate has not been
accepted or even discussed widely in ensuing
months.

The unsupported pricetag for an obscure
spending problem has not moved the Congress to
act.

This study defines one aspect of historical
defense spending instability. Measurable
differences in production efficiency for
individual weapons programs are identified
which appear to be directly related to it. The
findings indicate that, through a simple
process, spending instability ocurring in one
year has led to production inefficiency in the
following year.

INSTABILITY:
DEFINITION AND CATEGORIES
A discussion of all conditions under which

defense spending can be viewed as stable or
urnistable probably warrants several book-length




studies by itself.(2] The present analysis
defines instability as a marked constant-dollar
difference between the amount of procurement
spending proposed for a major weupons program
in the president's annual budget request to
Congress (presented each year in January or
February for the fiscal year beginning the
following October) and the amount actually
appropriated and spent after the Congress has
reviewed and revised the request.

It is generally accepted that legislative
revisions to individual weapons procurement
spending requests, or yearly spending plans,
have been the most frequent reason for
significant constant-dollar (or real)
differences that have arisen between the
requested amounts and the figures actually
spent by the programs.(3)

Real differences have also arisen when the
Congress approved a nominal money request
without revision but prices later accelerated
or decelerated at a different rate than
anticipated by planners. However, such
differences have tended to be modest. They
normally have not exceeded several percentage
points. [4)

Thus, a difference of at least 8 percentage
points between a program's requested TOA (Total
Obligational Authority) for procurement and the
TOA amount it actually receives, where both
spending fiqures are measured in constant
dollars, is significant for two reasons:
First, it means the requested funding level for
that year was not a very stable basis for
organizing the actual production of weapons
systems. Second, a gap of at least 8
percentage points generally means that the
Congress disagreed with the DoD regarding the
appropriate spending level for the procurement
program in the year in question. (5]

. By this standard weapons
spending disagreements were strikingly common
in the late 19708 and in the 1980s. For
example, Figure 1 (bottom band) shows for total
actual procurement spending on major weapons
Programs, 1976-1986, the proportion that was
allocated each year to individual programs that
received at least 8 percentage points less in
funding than they requested.

Termed "Minus-Funded" cases, these programs
represented 14% of the 1976 spending total,
rising to around 50% of the totals in 1977-79,
then dropping to near zero in 1982, and then
rising to nearly 100% of all 1986 spending.
Further analysis shows that actual (or
congressionally approved) funding for the
Minus-Funded cases averaged about 20% less than
had been plannad by the DoD and requested by
the president.

Figure 1 (top band) also shows the funding that
was actually allocated to "Plus-Funded"
programs as a share of total annual major
wveapons procurement spending. This category
includes weapons programs that received at
least 8 percentage points more in funding than
had been requested for the year. Plus-Funded
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programs represented less that half of the
annual spending totals in every year except in
1981 and 1982.

Further analysis of the data over the entire
period shows that the actual spending levels
for Plus-Funded programs surpassed the amounts
that had been requested by almost 50 percent
on average.

Figure 1 (middle band) shows that funding
for "on-Plan" programs -- those for which the
Congress approved funds within plus-or-minus
8 percentage points of the amounts they
requested for the year -- exceeded half of
total spending in only two years, 1976 and
1977. Very little of total funding in 1982 and
1986 was spent to finance programs at near the
levels that had been requested by the programs
for those years.

. It should be noted that
almost every specific aircraft, tank, missile,
ship, and other major weapons program in
production during the period was Minus-Funded,
Plus-Funded, and On-Plan in various years.
However, each appeared, by definition, in only
one category in any given year.

To the casual observer, the movement over time
of individual programs across categories, then
back, and then across again, calls to mind the
classic Brownian motion of molecules in
perpetual flux.

106

.anned Leve.s




Figure 1 suggests that annual spending
instability, defined as real planned-to-actual
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production.

PRODUCTION FUNCTIONS AND
EFFICIENCY

Cost analysts have successfully explored a vast
array of production efficiency issues by
evaluating the unit costs of manufactured
equipment. Unit-cost analysis is drawn from
the more general theory of economic production.
Production theory also provides a simpler
analytical tool known as production-function
analysis to evaluate production efficiency.

As a coherent body of knowledge, production
theory demonstrates that unit-cost analysis and
production-function analysis yield identical
answers to manufacturing problems when common
assumptions and limits are used. Such a
demonstration exceeds the scope of the present
study.

Production-function analysis is used here
because it deals directly with the relationship
between the output of and major inputs to a
production process. Funding is a major input
to weapons production, as is short-term plant
capacity, supply of skilled labor and critical
parts, and so on.

Conceptually, the production function relates
a range of output amounts to the amounts of
specific input which bring them forth, as shown
in Figure 3. The illustrative figure indicates
that more efficient production occurs at some
levels of the input's use than at other levels.

Hypothesis. When weapons production data are
used to estimate the relationship between
output and 1input amounts, not only can
hypotheses be evaluated regarding the ranges
where the input is wused more and less
efficiently: The production functions for two
completely different classes of data can also
be estimated and compared, thus allowing more
complex hypotheses to be tested.

A hypothesis of this study was that the
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following-year planned production function for
On-Plan cases tends to be higher (and more
efficient) than the function for Minus-Funded
cases.

Again, one reason is that while many Minus-
Funded programs may need to "build in"
compensating funds when they plan for
production in the following year, On-Plan
programs would not need to do the same. Hence,
one should expect the latter to develop more
efficient production plans than the former.

Results. Fcllowing-year data for planned
output (finished units) and planned input
(spending) are shown in Figures 4a, 4b, and 4c
for the three stability categories.

To standardize the data, each following-year
planned output level and input level is again
expressed as a percentage change from the
current year's actual level.

Figure 4a shows for each case that was On-Plan
in the current year its planned spending for
the following year and its corresponding
planned output. The thin solid line indicates
theoretically perfect concordance between
percentage changes in planned spending and in
planned production of finished units. High
production efficiency relative to the current
year's production is pronised by plotted points
that appear above the line; lower efficiency
is associated with plotted points below the
thin line.

Fiqure 4a also shows with a thicker solid line
the estimated (least-squares fitted) production
function planned by the On-Plan programs as a
group.{7] The left-hand segment of the
estimated function lies roughly parallel (with
a slope of nearly 1.0) to, and about 5
perc entage points above, the thin line of
perfect concordance. The right-hand segment
runs sharply upward (with a slope of nearly
2.0) from the thin line.|8)

In Figure 4a, the right-hand segment of the
estimated production function confirms the
general expectation in manufacturing activities
that well-planned spending growth can yield

efficiency through carefully expanded
production. This segment indicates that the
On-Plan programs that planned spending

increases of 40 to 60 percent over the current
year's level also proposed average output
increases of 60 to 100 percent.

By comparison, Figure 4b shows that the locus
of Minus-Funded programs lies close to the thin
solid line of perfect concordance over its full
length. The estimated production function for
these cases (with a slope of nearly 1.0) runs
almost parallel to the thin solid line and
below it by roughly 5 percentage points.{9]
This shows that Minus-Funded programs typically
planned spending and output goals for the
following year which promised somewhat less
efficient production than they were actually
attaining in the current year.
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On average, moreover, the tendency to plan for
slightly less efficient following-year
production occurred among Minus-Funded programs
regardless of whether major increases in
spending, decreases, or little change from the
current year's level were requested.

Figure 4c shows that the programs that were
Plus-Funded in the current year tended to plan
spending and output goals for the next year
that were almost as lackluster as were the
goals indicated by the production function for
Minus-Funded programs in Figure 4b.

A Plus-Funded program approaches the next year
without the need to "build in" funds to
compensate for unplann:d current-year cutbacks.
Despite this, it is evident from the estimated
function in Figure 4c that such programs did
not, on average, nake new annual plans to
produce weapons with greater efficiency than
the programs actually achieved in the current
year -- not even when they requested major new
spending increases.[10])

. Comparison of Figures 4a and
4b indicates that currently On-Plan and Minus-
Funded programs develop markedly different
plans for the succeeding production year. The
comparison does not disconfirm the study
hypothesis that, tor a given level of spending
requested for the following year, a Minus-
Funded program typically plans to produce fewer
finished units than does an On-Plan program
that is otherwise similar.

For example, comparison of Figures 4a and 4b
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Figure 4b

PLANNED OUTPUT vs PLANNED SPENDING:
(RELATIVE TO Current-year ACTUALS)

wr | MINUS-PUNDED

£20%

'\.-‘

Inox -

PLANNED CHMANGES N OUTPUT (QUANTITITES)

)
|
.“g,J o
—1eR ———— l"'r-"l S e ouw e B D p s m

3% - 0% T WX 0T TOT eOm piER N 180
PLANNED CHANGES IN SPENDING (§)

Figure 4c

PLANNED OUTPUT vs PLANNED SPENDING:
{RELATIVE TO current-year ACTUALS)

(L

o

PLUS-FUNDED
[

(F. 0.1

i

;
7

f§ iz %3818

PLANNED CHANGES IN OQUTPUT (QUANTITITES)

IMI% 4— = = g b e Tt ey 7
50T M7 -fu% 10% 0% 30% 70% 90% 110X 130%  130%

PLANNED CHANGES IN SPRNDING ($)

shows that when both a Minus-Funded and an On-
Plan program request a new 40% spending
increase, the former normally proposes about
a 35% increase in the number of units it will
produce; the latter normally proposes about a
60% increase in nusber. Also, comparison using
a broader output measure -- one that considers
the relative quality of finished units -- may
show the Minus-Funded program to be less
efficient as well.[1l1)




PLANNED AND ACTUAI
PRODUCT v _FUNCTI
K t.nding t Ana tability-
eqor product functu that the
jre f spendir tabillity ex enced 1n one
Aar by a weapons ¢ duction p am does seem
directly influence whethe program's
anagement will ar to prod weapons more
r less efficiently during th t year. 1In
rticular, programs that curr ly enjoy a
1gh degree of spending stabi typically
n for fairly efficient production in the
ear tc me.
edible Plans. Production | f course,
€ not always the same thing as actual

production. However, Figure 2a showed earlier
that planned output, and therefore efficiency,
joals are achieved faithfully when these plans

ire subsequently funded by the € without

nificant revisions. In ich cases, the
planned production function becomes the actual
function.

This does suggest that fairly high production
etfficiency will actually be attained when a
weapons program is able to develop and execute
1ts plans year after year without needing to
adjust repeatedly and abruptly because of
s1gnificant revisions to its annual spending
requests.

It is not clear from the analysis presented
above that fairly efficient production also
could be attained over time with unstable
funding, i.e., through long successions of
either unplanned yearly spending cutbacks or
of unplanned increases -- or through a pattern
of unplanned annual cutbacks and increases
alternating with each other and wit': stable
funding years.

Combined Tendencijes. One reason for
uncertainty on this matter is suggested by the
earlier discussion of the data in Figure 2b on
the tendency of Minus-Funded programs to absorb
unplanned spending cutbacks without correspon-
ding shortfalls relative to the numbers of
units they planned to produce. That finding
means that notable efficiencies hav: been
attained in current-year production (relative
to what had been planned) because of legisla-
“ive revisions to program spending requests.

Whether the combination o1 current-year output
efficiency achieved through an unplanned
spending change plus following-year
inefficiency in planred new production tends
to yield a net gain or loss in efriciency for
a typical weapons program is an issue that is
being addressed by research that is currently
nearing completion.

ESTIMATED EFFICIENCY OF
URIVERSAL STABILITY

To provide general insight on net efficiency,
the planned production function estimated in
Figure 4a can be applied to historical data for
the cases in all three stability categories.

Recognizing that the

Foresight. planned
produnction function for On-Plan programs
approximates the actual function when a
program's request is actually funded without
revision, one may use the function to estimate
the amount of output that each major program
could have produced annually over the 1977-87

period.

That is, the above method provides an estimate
of the annual production levels that could have
resulted if universal spending stability had
prevailed -- if each program had accurately
anticipated, and therefore had specifically
planned for, the spending that the program
actually did receive every year throughout the
period as reported in DoD documents.

All program years for all major weapons covered
in the study were analyzed in this way. The
resulting estimate of total cumulative weapons
production under universal spending stability
averaged over 10% more in the numbers of units
produced than the total cumulative numbers of
weapons that were actually produced for the
military departments from 1977 to 1987. Again,
this estimate assumes that:

1) Every program annually wouid have spent
exactly what it is reported t» have spent
in the historical record; and

2) Every program would have remained On-Plan
(avoided spending instability) by
accurately planning for the funds it would
and did receive in each new year.

CONCLUDING REMARKS

The study's estimate of weapons output levels
that might have been attained with universal
stability, and the historical loss of
efficiency the estimate implies, does not
necessarily validate Defense Secretary
Carlucci's cost figure for defense spending
instabilities. Additional study is required
to clarify the dynamics of, and responses by
managers to instabilities in, the planning and
spending allocation processes of the Defense
Department as a whole.

Oongoing research by Dr. Rolf Clark and others
promises to illuminate the dynamic structure
of these basic processes.[12]

Equally, new research must bring more light to
the process by which congressional revisions
to program spending requests lead to more
efficient or less efficient weapons production,
model improvements, and support purchases in
the year these revisions take effect and
afterward.[13] Such research is underway at
the Defense Systems Management College and
other U.S. institutions. The results may
eventually sharpen popular debate about the
means and ends of public policies that affect
defense spending instability and weapons
production inefficiency.
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A GENERAL APPROACH TO DECISION MAKING UNDER UNCERTAINTY FOR
SYSTEM ACQUISITION

Ronald R. Yager, Machine Inteiligence Institute, fona College,
New Rochelle, NY 10801

ABSTRACT

We are concerned here with the problem of selecting an
optimal alternative in situations in which there exists some
uncertainty in our knowledge of the state of the world. We show
how the Dempster-Shafer belief structure provides a unifying
framework for representing various rypes of uncertainties. We also
show how the OWA aggregation operators provide a unifying
framework for decision making under ignorance. In particular we
see how these operators provide a formulation of a type epistemic
probabilities associated with our degree of optimism.

INTRODUCTION

In many cases systems acquisition decisions are made in uncertain
environments. [n this situation onc is concerned with the selection
of an appropriate decision alternative, in the face of uncertainty with
respect to the environment. The uncertainty manifests itself in that a
different payoff is obtained for different states of nature. In this
paper we provide a general formulation of this type of decision
making. The Dempster-Shafer evidential structure [1-2] plays a
crucial role in providing a unifying framework for representing the
uncertainty. The Ordered Weighted Averaging (OWA) operators [3]
play a central role in providing a unifying framework for
aggregation. The introduction of these OW A operators provides a
more general formulation than that us:d by Yager [4-5] in his
previous work on decision making in the face of evidential
knowledge.

We first discuss the classic problem of decision making under risk
and ignorance {6]. In the environment of decision making under
ignorance, we discuss the role of the decision maker's attitude in the
selection of the procedure used to find the overall value associated
with a particular alternative. In this environment we have a
collection of possible outcomes, payoffs, but no probability
associated with them. The value of this collection is determined by
how optimistic or pessimistic the decision maker feels. We then
show how the OWA operators provide a general framework for
determining the value of a collection of obutcomes. We next show
how the Dempster-Shafer belief structure provides a suitable

framework for representing. in a unified manner, the information a
decision maker may have in regards to the state of nature. Finally
we provide a methodology for selecting optimal alternatives in
situations in which our knowledge about the uncertainty is contained
in a Dempster-Shafer belief structure.

DECISION MAKING UNDER UNCERTAINTY

A problem of considerable interest to decision makers can be
captured by the following matrix:

Sy - S . S
Cnh .. Cj .. Cip

Cah .. Gy .. Cin

G - G .. GCp
In the above each A; comresponds to a possible action (alternative)
available to the decision maker, Each S; corresponds to a possible

value of the variable called the state of nature. Cij corresponds to

the payoff to be received by the decision maker if he selects action
Aj and the state of nature is Sj' The problem faced by the decision

maker is 10 select the action which gives him the optimum payoff.

Since the payoff 10 the decision make: repeads upon the state of
nature his procedure for selecting the best alt-rnative depends upon
the type of knowledge he has about the state of rature.

In the classic literature deaiing with this problem [6], three different
decision making environments have been identified:

(1). Decision making under certainty

(2). Decision making under risk

(3). Decision making under ignorance

In the first case one assumes that the decision maker knows exactly
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what is the state of nature is, for example S,. In this case the course

of action is straightforward. He selects the alternative that has the
maximum payoff for this course of action.
Example: Consider the following payoff matrix

S, Sy S3 Sq Sg
Ay 7 5 12 13 6
A, 12 10 5 1 2
Ay 9 13 3 10 9
Ag 6 9 11 15 4

In this example if we know that the state of nature is S3, then the
action is to selectis A .

In general in this environment we select the alternative A* such that
c'= Max; Cj,.

In the second environment, decision making under risk, it is
assumed that we have a probability distribution over the states of
nature. In this case we know for each Sj. Pj the probability that Sj
is the state of nature . The standard procedure in this case is to use
expected values:

1.For each alternative A; we calculate

Ci = ZJ Cij . Pj‘
the expected payoff for alternative A;.

2. Select as the optimal alternative, A®: the one which has
the largest expected payoff

*
C =Max; G

Example: If P| =.3,P; =.1,P3 =.2, P4 =.1 and Pg = .3 then

using the payoff matrix of the previous example we get:
Ci=(3)*T+(DS5S+(2)(12) + (.1)13 + (3¥6) = 8.1

and C =7.6,C3=83and C4 = 7.6.

Thus the optimum choice under this probability distribution is Aj.

It should be noted that decision making under uncertainty can be
seen as a special case of decision making under risk. In parnticular,
if we know that S, is the state of nature, then we can consider Py=1.

In the third environment, decision making under ignorance, we
assume no knowledge about the state of nature other than that it is an
element in some set

S={8,55,..8,)

The methodology used in the selection of the optimal alternative in
this environment requires the assumption of a particular decision
attitude by the decision maker. Among the decision attitudes
discussed in the literature [6) are the following:

(1). Pessimistic attitude - Using this strategy the decision maker
selecis for each alternative the worst possible outcome and then
selects the alternative that has the best worst. This strategy is
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sometimes called the maximin strategy. »

(2). Optimistic_attitude - Under this strategy, the decision maker

selects for each alternative the best possible outcome and then sclects

the alternative that has the best best. This straegy is called the

maximax strategy. .

(3). Hurwicz Approach - In this approach the decision maker

selects a value a € [0,1]. Then for each alternative he takes a

weighted average of the optimistic and pessimistic value
H=a®*Pess +(1-a)*Opt.

He ther chooses the alternative which has the highest H value.

4). i - In this approach for each alternative the

decision maker sums the payoffs across all possible outcomes and

then selects the alternative with the highest total.

In the case of the decision making under ignorance onc can sec that
the general formulation of the selection process is as follows:
(). For each A; calculate

V; = %(C;1, Gia. - Cip)s
in the above F is some aggregation function whose form depends
upon the decision makers assumed attitude.
(2). Select the alternative A* such that
V= Max;[V;]
We note that for each of the four previously discussed

decision attitudes F is as follows:
(1). Pessimistic Strategy )
F(Cjy. Gz, ... Gip) = Min; G
(2). Optimistic Strategy
F(Ci1. Gig, . Gip) = " Xj G
(3). Hurwiez Strategy

F(C;1. Cia, -

(4). Normative Strategy

F(Cjj, - Cin) = 2 G

Cp)=a"* Maxj Cij +(l-a) Minj
G

The following example illustrates these four strategies.

Example: Using the previous payoff matrix the valuations under
cach of the attitudes are captured in the following table:

Pessimistic Optimistic a« =.5 Normative
A @ 13@ 9 43
Ay 2 12 7 40
A3 3 3@ 8 44
Ay 4 15 9.5@ 45@

Under cach column the @ mark indicates the optimal
alternative for that attitude.

A GENERAL APPROACH TO ALTERNATIVE
SELECTION UNDER IGNORANCE

In this section we shall suggest a general formulation tu the optimal




alternative selection problem under ignorance. This approach will
be based upon the ordered weighted averaging (OWA) operators
introduced by Yager {3). We shall see that this general approach
allows the four previously discussed methods as special cases.

In suggesting a general approach to alternative selection one should
be concerned that it satisfies certain propertics which one can
consider as rational. A first desiteria is that of pareto optimality.
This condition requires that given two alternatives A and B, where A
has at least as high a payoff as B for each state of nature, then B
should not be more preferred than A. A second condition is that it
should treat the states of nature uniformily. Another desirable,
though not necessary, requirement, is that the aggregation across the
states of nature be an averaging like operation in the sense that if for
a given alternative all the states of nature have the same payoff, a,
then the overall value of that alternative should be a. In [3] Yager
introduced a new type of aggregation operator called OWA
operators. In [7] he suggested some extensions of these operators.
O'Hagan [8) has investigated their use in expert systems.
De¢f: An ordered weighted averaging operator (OWA) of dimension
n is a function

F:R" R
that has associated with it a weighting vector W,

w]
w2
W=

Wn
such that

(1. wje [0,1]
(2). zi Wi=l

and for any set of values ay, ... a,

F(ay, ... a,) = zi (Wi bi)
where b; is the ith largest element in the collection a|, ay, ... a,.

Example: If
3
w=|4
2
.1

then
F(10,0,20,30)=(3)*30+(4)*20+(2)*10+(0)*1=19
It should be noted that the weights in the OWA operator are
associated with a position in the ordered arguments rather then a
particular argument.

It is our suggestion that the OWA operators provide a family of
operators, parametized by W, which can be used to help in the
selection of optimal alternatives in the face of ignorance. In
particular we can use these operators to provide the aggregated value
for each altenative. We can calculate

V; = F(C;1. Cip, ... Cjp)

where F is an OWA aggregation operator. We then select the
alternative that has the highest V value.

First we note that for any W the OWA aggregation operation
satisfies the condition of parcto optimality. In particular if
3 Zdj forall j=1, ... nthen

F(a]....... ap) 2 F(d]....... dp)

Next we shall show that the four methods previously discussed are
special cases of OWA operators.
(1). Pessimistic Attitude
If we select Wa where
0
0
W. =

1
then Fu(ay, ... 25) = Minj[aj], which is the aggregation rule used in

the pessimistic strategy.
(2). Optimistic Attitude

*
If we select W where

0
W'=
. 0
then F (ap, .. ay) = Maxj[aj]. which is what is used in the
optimistic strategy.
(3). Hurwicz Strategy
If we select
a
0
Wh=| .
0
1-a
then

Fy(aj,..ap) = a‘Max[aj] +(1- a)‘Min[nj]
This is exactly the formulation used in the Hurwicz strategy.
(4). Normative approach
If we select
1/n
1/n

I/n
then we get

FNG) -3 =1 2,
This function is essentially the normative strategy.

We should note that the pessimistic and optimistic strategies provide
limiting classes of OWA operators. It can be easily shown [3] that
for any OWA operator F and any set of arguments (aj, ... a,) that

Fu(ay, ... ap) SF(ay, ... ap) SF'(ay, .. ap).
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In [7) Yager suggests a semantics that can be associated with the
OWA aggregation procedure in this framework of decision making
under ignorance. This semantics will provide a unifying
interpretation of this operation. Yager suggests that we can view the
CWA weights as a kind of probability distribution. Ir particular we

can view w; as the probability that the ith best thing will
happen. We recall that the weights have the properties of a
probability distribution in that each w; lies in the unit interval and the
sum of the wi's is one. From this interpretation we sce that the
aggregation associated with each particular alternative can be seen as
the expected value under this probability distribution. If ;. C;»,
.. Cj, are payoffs corresponding to cach of the states of nature
under the selection of altemative A; then by, ... bj are the ordered set
~f these payoffs. Then if wy, .. w, arc the OWA weights

interpreted as probabilities of the jth best thing hapnening under any
selection of alternative we see that,

V= ZJ Wj " bj
is the expected payoff in this case. Thus the OWA aggregation
provides a kind of expected value similar to that used in decision
making under risk. The difference between the two situations is that
in later, decision making under risk, we have assigned a probability
pj to each particular state of nature S;. In decision making under

ignorance the probabilities, the weights, are assigned not to a
particular state of nature, but to the preference ordered position of
the payoff. Using this interpretation we can see that the pessimistic
strategy is effectively a situation in which a probability of one is
assigned to the worst thing happening given any selection of
alternative. In the optimistic approach we are assuming a probability
of one is assigned to the possibility of the best thing happening. In
the normative case we arc assuming cqual probability for each of the
preference positions. The Hurwicz strategy is effectively assigns a

probability a that the best thing will happen and 1 - a probability
that the worst thing will happen.

In [3] Yager introduced a number of measures associated with the
weights of an OWA operator, we briefly describe these.

Assume W is a set of weights then the measure of Optimism
associated with these weights is defined as
n

OpfIW) = Y’ w, * hy(j)
)=l
where hp(G) =(n-j)/(n - 1).
We note that Opt(W*) = 1, Opt(Ws) = 0, Opt(W,,) = .5 and

Opl(WH) =Q

A sccond measure associated with these weights is a measure of
entropy or dispersion

DISP(W) = - Zj w, In(w)).

We should note that the larger the Disp(W) the more of (e payoffs
play a role in the determination of F. O'Hagan [8] has scudicd these
measures in considerable detail.

A question that naturally arises, is, how docs a decision maker
obtain the weights he is going to use in solving a particular problem?
At the fundamental level, the answer is that he subjectively decides,
just as he docs in deciding to be pessimistic or optimistic or
normative. The most straight forward way of obtaining the weights
is for the decision maker to directly select the values of the weights.
In doing this, if he chooses to allocate, the allotted total of onc, to
weights necar the top of the vector, he can be seen as being
optimistic. If he allocates the weights to elements near the bottom he
is being pessimistic

An alternative method of selecting the weights has been suggested
by O'Hagan [8). With this approach the decision maker subjectively

decides upon his coefficient of optimism B. He then inputs this
value into a mathematical programming problem which is used to
obtain the weights that have ar appropriate degree of optimism while
maximizing the dispersion.

The mathematical programming problem is

Maximize : - zj wj ln(wj) (entropy)
Subject to:

Zj(hn(i) *wi=p
2jwi=1

wJ-zO forallj=1,..n

This approach is closely related to the maximum entropy method
used in probability theory.

One benefit of this approach is that we can consistantly provide for

weights corresponding to a given [ for various different cardinalities
of OWA operators.

A GENERAL FRAMEWORK FOR REPRESENTING
UNCERTAINTY

In a previous section we suggested that there was two distinct
situations with respect to the knowledge about the state of nature.
These two were risk and ignorance. Actually we also discussed
certainty but we suggested that this was a special case of risk, one in
which the probability of some outcome is one. It actually can also
be seen as a special case of ignorance where the sct S consists
simple of one element.

In this section we introduce a more gencral framework for the
representation of uncertainty. This scheme is called the Dempster-
Shafer theory of evidence [1-2]. We shall show that the two cases,
risk and ignorance, arc special cases of this more general
formulation. In cases of this more general formulation. In addition
to being able to capture these classic formulations of our knowledge
about uncertain environments these new structure allows us to easily
represent various other forms of information a decision maker may
have about the state of nature. The Dempster-Shafer framework has
proved to be an important and useful tool in the development of
expert systems.
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A belief structure m on the set Y consists of a collection of non-
empty subsets B; of Y and an associated set of weights m(B;) such

that;

D). m(B))>0 and 2). X m(B;) = |
The subsets B; are called the focal ¢lements of the belief structure.

A very applying feature of this belief sucture is that it can be used
10 represent in a unified manner various types of uncertainty we
previously discussed. In the following we shall let Y be the set of
possible states of nature.

If the belief structure consists of n focal elements such that
i = {yj}, each focal element is a singlcton, then we essentially have

the decision making under risk environment where m(B;) = P;
=Prob {y,).

If our belief structure has orly one focal element B, where m(B) =
1, then we essentially have the decision making under ignorance
environment.

In addition to these two basic formulations of our knowledge the
Dempster-Shafer formulation allows us to capture other more
sophisticated forins of knowledge.

If our knowledge of the state of nature is such that we know that
there is a probability p that the state of nature lies in the set A and ]
- p that it lies in not A then we can represent this by a belief structure
with two focal elements as follows:
B] =A m(Bl) =p
By=rotA m(By)=1-p

A closcly related belief structure is one in which
By=Y m(By=1-p
With this belief structure we are essentially saying that the
probability of A is at least p.

The essential point of this section is that the use of the Dempster-
Shafer belief structvrc provides a unifying method for representing
our knowledge about the state of nature in decision making
problems.

DECISION MAKING WITH BELIEF STRUCTURES

The Dempster-Shafer belief structures have proven to be a very
useful representation scheme for expert and other knowledge based
systems. In many cases the knowledge provided by these types of
expert systems is in the form of a belief structure. A problem that is
of considerable interest is that of selecting an appropriate course of
action, alternative, in situations in which our knowledge about the
state of nature is in the form of a belief structure. In this section we
shall bring all the pieces together to provide a unified approach to
decision making under uncertainty. This work provides a
generalization of the ideas discussed by Yager in [4-5).

Assume we have a decision problem in which we have a collection
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of q alternatives from among which we must choose one. We
denote the set of alternatives as A = (A, ... Ag).

In addition we assume that the payoff, to the decision maker,
depends upon the value of some variable, which we call the state of
nature. We assume the value of this variable is some element in the
set S, where S = {S}, ... S}

We assume that Cij is the payoff to the decision maker if he selects
alternative A; and the state of nature is Sj. In addition we assume

our knowledge of the state of nature is captured in terms of a belief
structure m on S. The focal elements of m are By, ... B; and

associated with each of these is a probability mass value m(B;). The

problem of concern is to select the alternative which maximizes the
payoff to the decision maker.

The procedure we suggest using for the determination of the best
alternative is an extension of the previously described methods
which combines the schemes used for both decision making under
risk and ignorance. We shall call this decision making under
uncertainty. In a manner similar to decision making under risk we
obtain a generalized expected value, C;, for each aliernative A;.

However, in obtaining this expected value we use the weights
associated with the focal elements as the probabilities. The second
step is to select the alternative which has the largest generalized
expected value.

The generalized expected value, C;, for a given alternative, A;, is

obtained using the evidential knowledge. The knowledge contained
in the belief structure tells us that m(By) is the probability that By

will be the set that will determine the state of nature. In particular
r
Ci= Y, V(A B * m(By)

k=1
In the above V(A;, By), which we shall denote as Vik. is the payoff

we get when we select alternative A; and the state of nature lies in
By. Thus we see that C; is essentially the expected value of the
payoffs under A;.

The determination of the value Vi can be seen as equivalent to the

problem of decision making under ignorance. In particular for a
given A, and the knowledge that the state of nature lics in B we end

up with a collection of possible payoffs. We shall let M;; denote the
collection (bag) of payoffs that can occur under Bg. In this case
each element §; in By contributes one element to My, its payoff
under S, hence

Mjy = <Cij ! Sj € B>,
In order to determine the value of Vyy from M;; we use the
procedure developed for decision making under ignorance. First we

obtain from the cision making his measure of optimism &. This
measure of optimism is then used to solve the mathematical program
problem described carlier to obtain the weights for the OWA
vectors. Actually we must solve this problem for cach different




cardinality of M.

Using these weights we can find V. = F(M;;) where F is an OWA
operatior whose weights are determined above for a degree of
optimism a and cardinality of M;y..

The following summarizes the operations, assuming we have
obtained the payoff matrix, the belief function m about the state of

nature and the decision makers degree of optimism, a.
(1). Solve for each different cardinality of focal elements the

mathematical prograinming problem with the degree of optimism o
This gives us a collection of weights to be used in OWA
aggregation.
(2). For cach altemative i do the following:

a) For each focal element, By, calculate M;y, the collection

of payoffs corresponding to that focal element.
b). For each M, calculate, using the appropriate OWA

operator, Vik = F(Mik)'

¢). Calculate C; = zk Vik * m(By)
3). Select the alternative which has its highest C; as the optimal
alternative.

The following example illustrates the procedure.
Examplc: Assume our payoff matrix is the one used carlier. In

addition assume that our knowledge of the state of nature consists of
the following belief structure, m:

FEogal_element Weights
B =1(8).53.84) .6
82 = (52.S5l 3
By = {51,572.53.54.55]) .1

We shall assume that the decision maker has a degree of optimism of
.75. Solving the appropriate mathematical programming problems
we obtain the weights associated with the OWA operators for
various numbers of arguments under the optimism value of .75: (8]

# of arguments wi w2 w3 wg ws
2 .75 .25
3 .62 27 11
4 .52 .27 .14 .07
5 .46 .26 1S .08 .05

We next calculate the bags My, We recall My is the collection of
payoffs that are possible if we select alternative Aj and the focal
clement By occurs:

M| =<,12,6>, M3 =<5, 13>, M3 =<7,5,12,3, 6>,

My = <12, 5, 2>, Mpj = <10, 11>, My3 = <12, 10, 5, 11, 2>
M3 = <9, 3, 9>, M35 = <13,10>, M35 =<9, 13,3, 10, 9>

My =<6, 11, 4>, Mgy = <9, 15>, My3 = <6, 9, 11, 15, 4>.
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Next we calculate V;,, using the ordered weighting average
operation: We recall that V3 = F(M;y). Hence

Vi1=(62)* 12+ (2)* 7+ (.11)* 6 =9.99.

Similarly we calculate

Vl2 =11, Vl3 = 10.88, V2] =901, V22 =10.75, V23 =.10.38
V31 =834,V39=1225,V33=108, V4 =8.88, V4 =13.5
and V43 = 11.79.

Finally we use these values to obtain the generalized expected value
for cach altenative:
C" = Vil m(Bl) + Viz 4 m(Bz) + Vi3 - m(B3)
C,'=‘6‘Vi1+.3‘vi2+.l Vi3
Therefore Cy = 10.382, C5 =9.67, C3 = 9.759 and C4 = 10.557.
Given the above information the the optimal choice is altemative A4.
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ABSTRACT

Office of Management and Budget Circular A-109 is the
top-level policy document for major systems acquisition
in the entire executive branch. It was primarily aimed at
establishing tighter control over systems acquisition by
focusing on the front end of the process. The
philosophy embodied by A-109 has now been in place
tfor almost two decades (the document itself is over 13
Kears old), spanning four administrations. Thus, there

as been adequate time for the policy to take root at
the operational level and for enough unambiguous,
measurable data to have accumulated for an objective
assessment of its effectiveness.

This paper evaluates the impact of the A-109fhilosophy
on the defense acquisition process in terms of its effect
on (1) cost, (2) cost growth, (3} length of the acquisition
cycle, and (4) merit of systems that enter the acquisition
pipeline.

INTRODUCTION

In the late 1960's there was concern that weapon sys-
tems were moving too quickly from paper studies to full
scale development (FSD), without adequate maturation
and testing at the subsystem level. As a result of that
concern, the Demonstration/Validation phase was for-
malized in 1971 with the publication of the first version
of DODD 5000.1. In the early 1970's there was further
concern that the Services were meeting their require-
ments by simply building upgraded versions of existing
systems, without giving adequate consideration to new
and innovative concepts from industry which might pro-
vide more effective solutions. Consequently, the Con-
cept Exploration phase was formalized in 1976 by the
publication of A-109 as the top-level document for ac-
quisition policy in the entire executive branch. A-109,
however, added another dimension as well. it added
the requirement that the Secretary of Defense be in-
volved at the initiation of each of these phases (viz., at
Milestones 0 and 1) and that Congress be notified at the
beginning of Concept Exploration. The philosophy pre-
scri in%early involvement of OSD and Con?ress was
driven by the fact that most of a system’s life cycle cost
is locked in by decisions during the very early phases
when the actual exp<nditures themselves are relatively
very small.
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There is an unimpeachable logic to A-109, but how well
hasit really worked in the detfense acquisition
environment?

COST GROWTH

Most modern weapon systems cost much more to
develop and produce than the weapons they are
replacing. Three key issues frequently arise in
conjunction with this increased cost. One concerns

erformance. Not only do the new weapons cost more,

ut they also provide significantly improved
performance and capability, e.g., more destructive
power, much better accuracy, etc. A discussion as to
whether the improved performance usuatly justifies the
additional cost is outside the scope of this paper. The
second issue concerns the management process. What
fraction of the cost could be saved by a more effective
and efficient management process? This question is
addressed elsewhere in the paper.

The third issue, and the focus of this section, concerns
cost growth, namel¥, the fact that we usually end up
paying much more tor the weapon systems than we
initially expected. In ﬁlain language, we incur cost
overruns. Cost growth may be defined as the ratio of
the actual cost of the fielded system to the estimated
cost at the time the system entered the acquisition

ipeline. The actual cost usually does not become
Enown with complete certainty until after the system
has been in production for several years.

To keep a program experiencing cost overruns intact,
funds must be taken away from other programs. This
sets off a chain reaction wherein the schedules of the
other programs are stretched in order to accommodate
their reduced funding profiles, and these delays in turn
give rnise to changes in threat projections, requirements,
and performance -- all of which in turn generate
additional cost overruns for the affected systems.

Why do we often have cost overruns? In the most
general sense, because we have great difficulty
estimating the true cost of future new developments.
Obviously, the more distant in time the delivery of a
final product is, the more difficult it is to accurately
predict its ultimate cost. This is superimposed upon an
acquisition process wherein a system’s survival
Erobability is enhanced if the full magnitude of its
igher ultimate cost does not surface in the early phases
of the cycle. Former DoD Comptroller John R. Quetch
used to refer to the tendency to underestimate cost as




the “conspiracy of optimism ” 1t anses from the fact
that, having never built the system before, we cannot
fully antuaipate all the difficulties that may come into
play in the course of developing 1t

How severe have the cost overruns been since 1970, 1 e,
since DOD major systems have been operating in an
environment of a formalized front-end acquisition
process i accordance with the basic philosophy of A-
109? And how do these overruns compare with those
expenenced in earher decades? Addressing these
questions in a paper in the fall 1985 issue of The
National Estimator,

F. Biery showed that the mean cost overrun for adata
sample of 22 major systems started in the 1970s was
59%, compared with a mean value of 45% (for asample
of 13 major systems) in the 1960s, and 86% (for a sample
of 15 major systems) 1n the 1950s. In other words, as far
as cost overruns are concerned, at first glance Biery's
data seem to suggest that we are doing much better
thanwe did in t%e 1950s but not as well as in the 1960s.

A closer examination of the results, however, reveals a
major difficulty in making such a comparison. The
dlfluculty lies in the forecasting horizon associated with
the data, namely, the length of time between the initial
estimate (at the point where the system entered the
acquisition pipeline), and the pointin the cycle when
the actual total costs became known with complete
certainty. The post 1970 cost overruns have an average
forecasting horizon of 8.2 years associated with them,
whereas the mean forecasting horizons associated with
resuits of the 1950s and 1960s are 3.8 and 3.6 years,
respectively. This would indicate that the initial cost
estimates associated with the reported overruns of the
19505 and 1960s were probably made at points well into
Full Scale Development (i.e., at points in the acquisition
cycle where we usually have muchgreater visibility into
tge ultimate cost of the systemn) and not when the
systemns entered the acquisition pipeline. Consequently,
trme cost overruns of both the 1950s and 1960s probably
appear much lower than they would have been under
forecasting horizons comparable to those associated
with the post-1970 results. Thisis not surprising in light
of all the additional management machinery that has
been instituted since 1970 -- e.g., formalized Concept
Exploration and Dem/Val phases, an independent Cost
Analysis Improvement Group (CAIG), increased
independent testing, reduced concurrency, etc.

LENGTH OF THE ACQUISITION CYCLE AND ASSOCIATED
cosT

The time span from the point of launching the
development of a new system to the point where it is
putin the hands of an appropriate combat unit, thereby
providing an initial operational capability, is usually
referred to as the length of the acquisition cycle. How
long is the current acquisition cycle for major weapon
systems? According to the 1986 Packard Commission
reportitis about 15 years. A more precise figure is given
in a 1980 General Accounting Office report show:ng the
current average acquisition cycle for major systems to be
15.6 years. Of this time, the system spends 4.8 years in
concept exploration, 4.3 years in demonstration/
validation, and 6.5 years in full-scale development and
early production. Beyond this point, the system usually
spends additional years in full-scale production. How
does that compare with the length of the cycle prior to
19707 A 1983 Air Force report, “Affordability
Acquisition Approach,” shows that before 1970, a
major weapons system spent on the average (1) only

about 2 1yearsin pre-FSD phases (versus 9.1 now) and
(2} from FSD to 10C, approximately one year less than
currently. Asimilar canclusion was reached by the late
Congressman R. M. Ichord, a leading defense acquisition
expert, who pointed out in a 1980 paper that the U.S
acquisition cycle had about doubled in the 1970-1980
decade alone.

Why should we be concerned about the length of the
acquisition cycle? Ichord notes in his 1980 paper that
“Of all the serious problems besetting the military, none
is more profound or far-reaching than the dangerous
amount of time it takes the U.S. to move a new weapon
system from concept to combat readiness.” He goes on
to say that the acquisition cycle is now so long that it s
"diminishing U.S. technological superionty, an
advantage we have traditionally used to
counterbalance Soviet numerical superiornty in both
weapons and manpower. Too often, the technological
superiority of which we speak is only in the laboratory
Clearly, our technological advantages are of little
benefit unless they are put to practical use in a relatively
short time.” Furthermore, the 1986 Packard
Commission report considers our current “unreasonably
long acquisition cycle” as the “central problem from
which most other acquisition problems stem: It leads to
obsolete technology in our fielded equipment. We
forfeit our five year technological lead by the time it
tzkefs ultsjto get our technology from the laboratory into
the field.”

Is it realistic to aim for a much shorter acquisition cycle
when dealing with such large and complex systems? To
answer that question we need to take a look at the
commercial sector. How does the current length of the
acquisition cycle for major weapon systems compare
with the length of the cycle associated with successful
programs of comparable magnitude and complexity in
the commercial sector? A 1985 Defense Science Board
study looked at a sample of such programs -- the IBM
360 computer, the Boeing 767 transport, the AT&T
telephone switch, and the Hughes Communications
Satellite--and found that each took only half aslong as
comparable DOD systems to develop.

This brings us to the question of scale. The annual DOD
budget for materiel is much larger than the total annual
sales of IBM, Boeing, AT&T and Hughes combined. Is a
significantly shorter acquisition cycle achievable in a
bureaucracy of such enormous size? To answer that
question, the Packard Commission “examined several
DOD programs that were developed under special
streamlined procedures -- the Polaris Missile, the
Minuteman Missile, the Air-Launched Cruise Missile
(ALCM), and several highly classified projects” -- and
found that “in these programs DOD achieved the
accelerated schedules of the successful commercial
programs,” i.e., roughly 8 years instead of 15. And, of
course, we need only remind ourselves that less than
two decades ago the typical major weapon system had
an acquisition cycle of less than 8 years, or about half its
current length.

In addition, what are the cost implications of a longer
acquisition cycle? Itis difficult to answer that in precise
terms. But the Packard Commission report says that
“time is money,” that the excessively long cycle “leads
to unnecessarily high cost,” and that a significant
reduction in the length of the acquisition cycle would
result in a “concomitant” reduction in cost.




CAN WE SELECT THE BEST SYSTEMS UNDER A-109? ACKNOWLEDGMENT
In an environment of austere and declining budgets, Discussions with Lieutenant Colonel Scott Willey were
many potential systems are competing for entry into the very helpful and are gratefully acknowledged.

acquisition pipeline; but not all getin, leaving some of
the Service requirements unfunded. But are we at least
selecting the best systems from the available
candidates? Also how does the current process of
choosing major system new starts compare with the
process we had in the ‘50s and '60s? To answer that
question, we need to take a look at how the selection
processisimplemented.

in moving the entry gate from the start of FSD to the
beginning of Concept Exploration, A-109 has effectively
also moved the selection gate to that pointin the cycle.
At the start of Concept Exploration the requirements
are stated, per A-109, in functional, rather than
hardware, terms in order to preclude any preconceived
hardware solutions from entering the picture. Since at
this point we don’t even know what the system is going
to look like in terms of hardware, estimates of the two
most critical parameters of the competing candidates,
cost and performance, are bound to be extremely soft
Furthermore, the candidate that is least understood at
the time will frequently appear to have the lowest cost
and most attractive performance.

Thus, although the selection process is currently getting
the benefit of top-level wisdom from OSD and Congress,
that wisdom is being exercised in the dark, i.e., under
virtually total lack ot visibility into the two most critical
system parameters. This leads us to the conclusion that
we are probably not now selecting the best of the
competing candidates.

CONCLUSIONS

The formalization of the Concept Exploration and
Demonstration/Validation phases, and the
accompanying early involvement of the Secretary of
Defense and Congress, gave OSD tighter control over
the major programs coming into the acquisition pipeline
aswell as over the first two phases wherein the bulk of
system life cycle cost is locked in. In other words, the last
two decades have witnessed very tight top-level
management control over the acquisition process, not
only from cradle to grave but, literally, from conception
to grave. Butatwhat price? The price appearstobe a
doubling of the length of the acquisition cycle for major
system, a “concomitant” increase in cost, and a
squandering of our five-year technological edge on the
battlefield. In addition, we are probably notselecting
the best systems from the competing candidates for
entry into the acquisition pipeline.

Are the benefits of the tight top-level management
worth the price we are paying for them? Are we
engaging in a management overkill? Perhaps
consideration should be given to modifying some of the
provisions of A-109. For instance, should the approval
of the early milestones and oversight of the associated
phases be delegated to a much lower management
fevel? And should OSD and Congress be broughtinto
the decision process only after reasonable visibility into
cost and performance of the candidates becomes
available? Such an approach would parallel the
management practices of many of the excellent firms in
the commercial sector, where during the last two
decades the trend has been not to over-manage new
programsin their infancy.
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COST AND SCHEDULE GROWTH IN MAJOR ACQUISITION PROGRAMS:
AN EMPIRICAL ANALYSIS

Karen W. Tyson, J. R. Nelson, Neang I. Om, Paul R. Paimer,
Institute for Defense Analyses

ABSTRACT

The paper summarizes descriptive trends in outcomes for
major system acquisition programs, including similarities
and differences based on equipment type, time period,
program type (new vs. modification), and acquisition
initiatives applied. Several factors that might affect cost
growth for major systems are examined--among them,
development schedule, equipment type, program type (new
vs. modification), schedule iength, acquisition nitiatives, and
production stretchout. The paper examines cost growth for a
group of major systems including aircraft, missiles and
munititions (tactical and strategic), and satellites. Growth
was defined as actual cost relative to cost estimated at
Milestone Ii full-scale development start.

The paper uses Selected Acquisition Report (SAR) data for
89 programs, development concept papers, and other
information from the military services, program offices, and
the defense industry.

The factors most closely associated with cost growth in total
program are development schedule growth, program stretch,
and development schedule length. Development schedule
growth and program stretch in particular are consistent
major drivers.

INTRODUCTION

This paper summarizes descriptive trends in outcomes for
major system acquisition programs. In addition, the factors
most closely associated with cost growth are examined. A
sample of 89 major acquisition programs was selected for
analysis. The programs were selected to represent the
following categories of equipment: tactical aircraft,
electronic aircraft, helicopters, other aircraft, air-launched
tactical munitions, surface-launched tactical munitions,
electronics/avionics, strategic missiles, and satellites.

The sample includes acquisitions managed by the Army,
Navy, and Air Force and both programs that are considered
successful and those that encountered problems. The
sample is spread over approximately 32 years when
grouped by FSD start. Nearly all programs in the sample
are either still in production and in service, or are previous
varsions of weapon systems that are still in production or in
service. For the development analysis, we excluded
programs fewaer than three years past the start of full scale
development. For the production analysis, we excluded
programs with fewer than three years of production
experience. For this analysis, we have at least some
development information on 82 programs and at least some
production information on 73 programs.

This paper is based on work performed for the Under
Secretary of Defense (Acquisition).

DATA SOURCES

For each of the programs included in the sample, schedule
dates, cost, production quantities, and narrative information
were obtained from Selected Acquisition Reports, and the
latest available editions of the Defense Marketing Service
(DMS) "Missile Market Intelligence Reports® [1}, Jane's
Weapon Systems 1987-88 [2), the Interavia summary of
weapons [3], and interviews with program management and
contractor personnel.

Development estimates (DEs), made at Milestone Il or at the
start of full scale development, of schedules, costs, and
quantities were obtained from tha earliest available SAR for
each program. Current estimates (CEs) of schedules, costs,
and quantities were obtained from the December 1987 SAR
(or the final SAR for completed programs). Development
Concept Papers (DCPs) were reviewed to provide additional
cost and schedule information in each program.
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Representatives of selected contractors and program offices
provided additional cost and schedule data and answered
questions that surfaced during review of the SARs. These
interviews greatly enhanced our understanding of individual
programs.

OUTCOME MEASURES

Outcome measures included:

- Cost growth--development, production, and total
program.

- Schedule slippage--development and production.
One indicator of good program performance is the
extent to which the system can be developed and
produced according to plan.

Quantity changes--development and production.
Trends in quantity change give clues to such issues
as reasonableness of the development plan, the
degree of production stability, and the prevalence of
program stretchout.

Outcome measuras produced were:
- Development cost growth (DCG)
- Production cost growth (PCG)
- Total program cost growth (TPCG)
- Development schedule growth (DSG)
- Production schedule growth (PSG)
- Development quantity growth (DQG)
- Production quantity growth (PQG).

In order to understand outcomes by program phase, we
saparate cost growth into development and production cost.
Since production cost is much higher than development
cost, it tends to drive our estimate of total program cost
growth. However, development cost growth is also of
interast, since it is haere that the technical challenges are
met.

The following process was used to produce development
cost growth ratios:
- Al program cost estimates were collected in the
base-year doliars specified for the program.

- Development costs were determined for the period
from program startup through initial operational
capability (IOC) date. Development costs incurred
after I0C were excluded because these costs were
for major modifications and other changes beyond
the scope of the original development effort.

The development cost growth (DCG) ratios were
calculated by dividing the current estimate of
development cost at IOC date by the development
cost g@stimate at SAR DE approval.

Many programs change their planned quantity as the
program progresses through production. Therefore, some
adjustment to costs is necessary to take quantity change into
account. In this study, scope changes in most programs
examined prevented direct comparison of SAR current
estimates with the SAR development estimates. We
developed price-improvement curves from the SAR annual

data for completed production years. From these curves, we
calculated the cost of the originally planned quantity, the
development estimate quantity (DEQ). (Several programs
examined do not have annual funding detail in the SARs
that allow calculation of the current production estimate at
the development estimate quantity. When no detailed data
were available, the siope of the learning curve was assumed
to be 90 percent.) IDA estimates of total production costs
were then determined by adding the SAR current estimate of
development costs at I0C date to the current estimate of
producticn cost at the development estimate quantity. In the
Hellifire program, total program cost at the DEQ is estimated
to be $708.8 million. The total program cost growth ratio is
then 1.39.

We also report estimates of schedule slippage in
development and production. Schedule growth during
development of a new weapon system is normally measured
by the amount of slippage experienced in a program
betwesn a fixed base date (e.g., Milestone Il date or FSD
contract start, whichever is earliest) to initial operational
capability (10C). A‘ter the necessary data were collected,
the development schedule growth (DSG) ratio was
computed as the ratio of actual to estimated development
time.

Production schedule is determined using the same
technique. Production span is defined as the period from
Milestone Ill or first production contract to production end
date or the last fiscal year of planned funding. Production
schedule growth (PSG) ratios are computed as the ratios of
actual to planned (DE to CE) time for production.

Both development quantity and production quantity changes
were documented using the same technique described
above.

DISCUSSION OF PROGRAM OUTCOMES

Weapons acquisition programs had varying degrees of
success in accomplishing cost, schedule, and quantily
objectives. Table 1 shows selected results from our
database. Although many acquisition programs have been
successful, others have encountered serious problems, in
spite of numerous policy changes and initiatives intended to
improve the acquisition process.

Quicomes by Time Period

The time periods analyzed are the 1960s, the early 1970s,
the late 1970s, and the 1980s. Each of these periods had
different acquisition policies and initiatives. In the 1960s, the
idea of program management was just beginning. Initiatives
used included total package procurement and concurrency.
Management was centralized within OSD. In the early
1970s, the prevalent initiatives, with the influence of Deputy
Secretary of Defense David Packard, included incentive
contracting, prototyping, and design-to-cost. In the late
1970s, design-to-cost became institutionalized, and
axperiments with dual-sourcing in tactical munitions waere
tried. In the 1980s, initiatives included fixed-price
development, multi-year procurement, and more dual
sourcing.
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Table 1. Statistics on Key Variables

Standard

N Mean Minimum Maximum  Deviation
Total Program Cost Growth@ 63 1.51 0.76 5.19 0.76
Development Cost Growth@ 80 1.27 0.44 489 0.73
Production Cost Growth@ 63 1.65 0.69 6.61 1.03
Development Schedule Growth 81 1.34 0.76 3.90 0.50
Production Schedule Growth 57 1.65 0.63 an 0.78
Nevelopment Quantity Growth 76 1.12 0.50 4.10 0.61
Production Quantity Growth 63 1.22 0.02 4.76 0.88
Development Schedule Length (months) 77 79.1 19.0 147.0 31.62
Production Schedule Length (months) 56 127.4 32.0 311.0 64.29

aCost growth ratios are weighted by 1989 doflar values for toial program, development, and production, respectively.

We grouped programs into time periods according to their
FSD starts because FSD is a major milestone and
acquisition strategies are often determined by that point.
Therefore, it seems reasonable to conclude that policies at
the time of FSD have the most influence on a program.
However, a typical program continues for over ten years past
FSD, so it may be influenced by the policies of other periods
as well,

We compare observed results in terms of cost and schedule
with estimates at the time of full scale development. Table 2
srnws cost, schedule, and quantity outcomes by time period.

The 1960s, when SAR cost estimation was in its infancy,
was a period of high cost growth. Major programs such as
the C-5A aircraft and the Minuteman missile ware being
developed. In addition, methods of tracking and managing
programs were less highly structured than today [4]. The
cost growth in the 1960s was higher than in the early 1970s.
Development schedule growth was also higher in the 1960s
than in later peiods.

Programs with FSD start in the early 1970s, the time of the
Packard initiatives, had good overall records. Cost growth
both in development and in production was relatively low;
however, the number of programs started in this time period
was also relatively low.

Programs with FSD starts in the late 1970s did not do well.
Their overall cost growth was almost as high as in the 1960s

(1.60 versus 1.66.) Development schedule growth was a
problem (1.37), although not as bad as in the 1960s (1.46).
The late 1970s were a time of high inflation and declining
budgets, which may have influenced cost growth. When the
1970s are considered as one period, the differences
between periods are less pronounced.

The jury is still out on programs begun in the 1980s. In
terms of development, the 1980s programs show lower
development cost growth than past programs. Howevaer, this
difference is not statistically significant. The early 1980s
were a time of expanding acquisition budgets and low
inflation, which may also have contributed to favorable
development outcomes. Only five programs (the AV-8B
aircraft, the OH-58D helicopter, the C-5B transport, the B-1B
bomber, and the E-6A aircraft) had sufficient production data
to be included in the analysis. All of them are modifications
of prior programs and thus could be expected to have lower
cost growth. In addition, the five programs are in the early
stages of production and have not had much time to
accumulate cost growth.

The stage of program completion also affects cost growth. It
takes time for programs to revise cost estimates as problems
arise. Table 3 shows mean cost growth for complete and
incomplete programs. Cost growth is substantially higher in
the completed programs. Mean total program cost growth is
1.92 for completed programs and 1.30 for incomplete
programs.

Table 2. Summary of Cost and Schedule Outcomes by Time Period

Time

Period N DCG DSG DQG N PCG PSG PG TPCG
1960s 22 1.36 1.46 117 (20) 2i 1.89 1.64 (18) 1.00 1.66
Early 1970s 12 1.25 1.24 1.33 11 1.42 1.84 (9) 1.15 1.37
Late 1970s 30 1.28 1.37 1.01 26 1.73 1.69 1.50 1.59
1970s (total) 42 1.26 1.33 1.10 37 1.63 1.73 (35) 140 1.51
1980s 17 1.16 (16) 1.1 1.09(14) 5 0.91 1.07 (4) 0.85 0.92

Note: Cost growth ligures ara dollar-weighted. Figures in parentheses are numbers of programs for cells with missing data.
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Table 3. Complete Versus Incomplete Programs program, then these programs shouid be
reevaluated when they have more experience.
No.of Complete No. of Incomplete
Programs Programs Programs Programs Outcomes by Equipment Type
eS A K 52 i Table 4 shows cost and schedule outcomes by equipment
e 4s ule ou Y
PCG 23 2.24 33 1.34 type. Tactical munitions programs have experienc2d the
PQG 23 0.36 33 1.47 highest total program cost growth of any class of system
PSG 22 1.49 32 1.82 examined. Air-launched tactical munitioris experienced the
DCG 23 1.42 41 1.18 second highest development cost growth (1.69) and the
DSG 23 1.59 42 1.24 highest production cost growth (2.32). Surface-taunched
tactical munitions fared somewhat better than air-launched
a
s;ne;iHM:'L “36':;’ Tl o¢ 87 munitions in development (1.34), but also experienced
[ B res ~We! 5 [ ¢ h (2.31).
(STRETCH = 56) x . considerable production cost growth (2.31)

Dews et al. [5] also found that cost growth tended to
accumulate in production for a sample of 1970s programs.
Ccst growth accumulates gradually as experience is gainad,
and cost estimates have to be revised to reflect exper-: «ce.
It the end of the production run is more than five yeais into
the future, then cost estimates for the out-years wouid not
appear in the FYDP and might not be revised immediately.

Othar caveats about the 1980s programs include:

- The relative need to “sell” a program at a given time
may influence the initial development estimate of
both cost and schedule. When budgets are fairly
generous and expected to increase, obtaining funds
is relatively easy, so there is no incentive to
underestimate. However, if budgets are tight, there
may be an incentive to underestimate costs in order
10 get the program funded.

- We have only six 16308 programs, and we have on
average only four to five years of production data for

Experience with other equipment types generally were much
better. Aircraft, satellites, and strategic missiles tend to have
lower total program cost growth than tactical munitions.

Electronics programs exhibited the highest cost growth in
development. They were examined only for development
cost growth because we could not disaggregate production
costs from the SARs. However, the rationale that applies to
cost growth for munitions programs very likely applies to
electronics programs as well.

Qutcomes py Program Phase

We examined cost growth in development and in production
separately. From Table 1, we can see that cost growth is
less on average in development (1.27) than in production
(1.65). This may be because there is less time between the
estimate and the actuals in development--by the time
producticn is completed, by contrast, the DE may be 15
years old or more. The estimate of total + »gram cost growth
is heavily influenced by production cost growth. Our

them. If cost growth tends to appear late in the quantity-adjusted production cost is on average 3.5 times
the size of development cost in real terms.
Table 4. Summary of Cost and Schedule Cutcomes by Equipment Type

Equipmant Type N |0 e DSG DQG N PCG PSG POG TPCG

Tactical Aircrat (] 118 1.63 1.10(7) 8 125 212() 165 123

Electronic Aircraft 9 137 1.6 1.21(8) 9 127 149(6) 1.07 1.28

Other Aircraft 5 1.09  1.14(6) 0.83(4) 4 150 1.06(3) 074 1.39

Heficopters 5 1.36  1.16 0.93 4 146 1.01 095 139

ArLaunched Tactical 16 169 1.68 1.43 15 232 216(14) 142  2.05
Munitions

Surtace-Launched 18 134 142 9.95 12 2.3 149 087 208
Tactical Munitions

Electronics/Avionics 7 1.7 127 1.39 0o - - - -

Sirategic Missiles 8 115 1.34 0.87 (7) 7 158  1.39 147 197

Satelites 4 137 1.26 1.00 4 115 136 135 120

Note. Cost growth figures are dollar-weghted. Figures n parentheses are numbers of programs for celis with missing data.
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Schedule growth in development goes hand-in-hand with
cost growth in production--there is a .540 correlation
between the two (statistically significant at .0001).
Development schedule growth is also associated with total
program cost growth (.611 correlation, statistically significant
at .0001).

In electronic aircraft and in satellites (Table 4), cost growth is
highar in development than in production. One might
hypo:hesize that this is because ot the higher content of
technology in these items. However, tactical munitions have
similar technical content, but cost growth is higher in
production than in development.

The highest development cost growth is in
electronics/avionics (1.75), for which we have no
corresponding measure of production cost growth. The
second highest is in air-launched tactical munitions (1.69),
which makes sense considering the technical risks involved
and the difficulty in selling these less-glamorous programs.

Qutcomes by Pregram Type

Finally, we analyzed program outcomes for both new
development programs and modification programs. The
purpose of this analysis is to see whether outcomes are
substantially ditterent between new and modification
programs. Table 5 shows cost and schedule outcomes for
new and modification programs.

As would be expected, modification programs have
exhibited better cost growth experience than new programs.
Within individual equipment types, there were some
exceptions to this general rule. Air-launched tactical
munitions modification programs have experiganced the
highest development cost growth of any .lass of system
examined. Costs for tactical munitions modifications are
usually underestimated, because a modification often
comprises a new guidance and control system, the larges!
part of the equipment cost.

Electronic aircrat modification programs exhibited higher
cost growth in both development anJ production phases
then new electrnnic aircraft. Again, this can be attributed to
underestimation of the technical difficulty and the cost of
integrating the electronics equipment with the airframe.

FACTORS ASSOCIATED
WITH COST GROWTH IN MAJOR PROGRAMS

We turn to 2 closer look at cost growth, a major concern of
both DoD and Congress. We examine here some of the

reasons for higher or lower cost growth. Why do some
programs exhibit relatively high cost growth, while others
keep closer to their plans? Program stretch has become
more common over time. It is frequently suggested that
stretch has been a major contributor to cost growth. We
examine these claims. Acquisition initiatives are often
designed to reduce cost growth. We look at the impact of
these initiatives on cost growth using the database of SAR
programs.

Finally, other potential contributors to differences in cost
growth are examined. While our examination is limited by
the data, we believe that this is an important opportunity to
examine the drivers of cost growth in a large sample of
programs.

Program Stretch as a contributor to cost growth

We examined the hypothesis that program stretch
contributes to cost growth, particularly to production cost
growth. The Defense Department and the Congress have
sometimes met budgetary constraints by stretching out the
production schedule buying the same quantity over a longer
schedule, or buying a lesser quantity over the same time
period.

We measured program stretch by the ratio of production
schedule growth to production quantity. A normal vaiue of
stretch is 1.0. This indicates that schedule and quantity
aither did not grow, or grew in proportion with one another.
A stretch vaiue of two indicates that the program relatively
doubled in schedule while huying the same quantity.

Our results indicate that program stretch is a significant
determinant of both production and tota! program cost
growth. Table 6 shows regression results for two ditferent
data sets--the full data set and a data set with outliers
(defined as values more than two standard deviations from
the mean) removed. (Outliers can have a large influence on
regression estimates. in some cases, the removal of outliers
can change an equation drastically. The outliers in this
equation were SRAM, Roland, and Condor.)

in both data sets, stretch is statistically significant. To
interpret the coefficients, we use the unweighted PCG
estimate from the full data set as an example. With
STRETCH=1 (the norm), PCG is estimated by:

1.41 + (0.094°1) = 1.504.
It STRETCH=2, then PCG is estimated by:
1.41 + (0.094°2) = 1.598.

Table 5. Summary of Cost and Schedule Outcomes by Program Type

Program

_Type N DCG DSG QG N PCG PSG PQG  TPCG
New 48 1.30 1.34 1.05(47) 37 1.69 163(35) 1.13 1.54
Mod 32 1.20 1.35(33) 1.23(29) 26 157 1.68(22) 1.36 1.46

Note: Cost growth fligures are doilar-weighted. Figures in parentheses are Ns for celis with missing data.
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Table 6. Regression Results for Program Stretch

Intercept Stretch R2 N
Production Cost Growth
With Full Data Set
Unweighted 1.41 0.094a 42 57
(6.26)
Weighted 1.36 0.097a 57 57
(8.55)
With Outliers Removed
Unweighted 1.30 0.085% .07 54
(2.03)
Woeighted 1.28 0.094b 10 54
(2.39)
Total Program Cost Growth
With Full Data Set
Unweighted 1.37 0.0702 .44 57
(6.56)
Weighted 1.30 0.073a .53 57
(7.83)
With Outliers Removed
Unweighted 1.27 0.080b .08 54
(2.16)
Waeighted 1.19 0.0982 14 54
(2.94)

Note: Numbers in parentheses are I-statistics.
ESignificant at .01 level.
bSignificant at .05 level.

Thus, using this equation, each one unit increase in stretch
is associated with an increase of .094 in the production cost
growth ratio, or 5.4 percentage poiits. Other estimates
ranged frcm 7 to 10 percentage points. These are in line
with estimates found in a repont on stretch by the
Congressional Budget Office ([6), which surveyed
assessments of the military services and weapons
producers. These estimates ranged from around 8 percent
to over 50 percent for each unit increase in stretch.

Acquisition Initat I P 0

We used regression analysis to examine wtether the
acquisition initiatives we studied are associated with lower
cost growth. We analyzed the full data set and the following
subsets of equipment types:

- Aircraft--includes tactical aircraft, electronic aircraft,
halicopters, and other aircraft.

- Tactical munitions--includes air-launched and
surface-launched tactical munitions.

- Other--includes electronics/avionics (development
only), strategic missiles, and satellites.

The initiatives included multi-year procurement, competition
in production, prototyping, design-to-cost, total package
procurement, fixed-price development, contract incentives in
development, and contract incentives in production.

In all cases, the dependent variable was cost growth,
whether development, production, or total program cost

growth. Fixed-price development was tested only in
development, since none of the FPD programs was far
enough along in production to be included. Table 7 gives
only those results for which the initiatives were statistically
significant.

In development, fixed-price development appeared to
contribute to increased cost growth for the “other” category of
programs. Howaever, this variable was significant only at the
.10 level, and it is based on limited data. In the same
category, contract incentives in FSD were related to reduced
development cost growth (significant at .05).

In production, total package procurement was related to
increased cost growth for the full data set and for aircraft and
other programs. in the "other” category, incentives in FSD
were related to reduced production cost growth (.10
significance).

With respect to total prograrn cost growth, total package
procurement again was related to increased cost growth. In
the "other® category, incentives in FSD and in production
were both related to reduced total program cost growth.

These results have some limitations. This is an aggregate
anulysis, and for soma initiativas, aggregate comparisons
may not be the most anpropriate. This analysis is based
solely on the criterion of whether an initiative was applied or
not. There is nothing to indicate how strongly or
appropriately the initiative was applied. For example, all
instances of design-to-cost, whether strongly applied or not,
are included. A more detailed analysis of the initiatives is
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contained in an IDA report prepared for the Under Secretary - New starts versus modifications of existing systems.

of Defense for Acquisition (7). It might be expectud that new stars are riskier and
thus more subject to cost growth pressures.
Explaining Acquisition Cost Growth - Acquisition initiatives. Specific initiatives by the

Department of Defense that have targeted program

Using our database, we investigated factors that might cost may have an impact.

account for or be considered drivers of total program cost

growth. These included: - Scheduile length. Long programs have more
opportunity to accumulate cost growth.
- Cost anq sghedule growth in development. One - Program stretch. Buying the same quantity over a
hypothesis is that a smooth development process longer period of time may increase cost growth.

{on time and on cost) would make smooth
production more likely. Programs that get into
difficuty in development might be more likely to
have problems overall.

Woe tested several formulations of the candidate variables.

Significant results are reporied in Table 8. Development

) ) ) schedule growth, program stretch, and development

- Equipment type. In this study, we analyzed a variely  gchedule length are the strongest determinants of total
of equipment types. Tactical muritions appeared to program cost growth that we found. All work in the direction
have higher cost growth than other systems. of increasing total program cost growth.

Table 7. Regression Results for Acquisition Initiatives

Outcome
Measure  Programs initiative intercept __ Coetficient R2__ N
TPCG Arcraft Total Package Proc. 1.22 0.540 15 25
(203
TPCG Other Total Package Proc. 1.32 2.07% 80 1
(5.94)
TPCG Other Incentives, FSD 2.1 -0.962 41 11
(-2.52)
TPCG Other Incentives, Prod 1.94 -0.79b 35 1N
(~2.19)
PCG Al Total Package Proc. 1.57 1,272 07 63
(2.13)
PCG Arcratt  Total Package Proc. 1.2 o.s;l 30 25
(3.15)
PCG Other Total Package Proc. 1.36 4168 95 1
(13.711)
PCG C.aer Incentives, FSO 2.88 -1.570 32 n
(-2.08)
0CG Other Fixed Price Dev 1.51 1.600 20 19
(2.05)
ncG Other Incentives, FSD 2.00 -0.778 .23 19
(-2.23)
Note: Numbers in parentheses are t-statistics.
aSignificart at .05.
nt at .10.
Table 8. Drivers of TPCG
Intercept  DSG Stretch  TPP 0s R F N
Full Data Set 0.634 0573 0053 - - 059 37.66 56
(4.36)  (5.20) - ]
0.374 0427 0.054 1124 0.005 .68 26.41 55
(3.34) (585 (3.32) (2.36)
Data Set with TPCG
Outliers Removed 0.779 0390 0070 - - 0.30 1089 53
(402)  (2.13) = -
0.560 0300 0070 - 0004 38 986 52
(3.06) (223 - (2.60)

Noltes: All resuits are significant at 05 level. Numbers in parentheses are 1-statistics.
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CONCLUSIONS

There is little indication that acquisition program outcomes
are getting either substantially better or substantially worse.
Development schedule growth and cost growth in
development, production, and the total program remain
persistent problems, even though considerable
improvements have been made in the information available
to program managers. The early 1970s, the time of the
Packard initiatives, seems to have better program outcomes
than other periods.

Our cc:.clusions about programs begun in the 1980s are
preliminary. We are reluctant to draw any conciusions about
the production phase because of the small number of
programs in our sample and because those programs are all
in the early stages of production.

Program outcomes ditfer depending on equipment type.
Tactical munitions programs experienced the highest total
program cost growth. This was foreshadowed by their cost
and schedule problems in development. Electronics/
avionics programs had the highest development cost growth
of any equipment type. We were unable to track the
production experience of electronics/avionics systems due
to data limitations--production data is usually included in the
platform SARs and cannot be disaggregated. However, we
have seen that problems in development tend to be followed
by production problems. This, coupled with the fact that
many future programs emphasize avionics heavily, suggests
that these programs should be targeted for increased
management attention.

As expected, modification programs exhibited lower total
program cost than new programs. [t is easier to stay on plan
for a modification program. However, there are two
equipment types for vhich this was not the case--air-
launched tactical muni¥ .3 and electronic aircraft. Both of
these emphasize guiuance systems or avionics and further
reinforce our conclusions that these are particular problem
areas.

We examined the hypothesis that program stretch
contributes to cost growth. We found that stretch adds 7 to
10 percentage points to production cost ( rowth in real terms.
Thus, the decision to fund more programs in the face of
limited bucgets means a loss of efficiency.

The acquisition Initiatives we studied were designed to
reduce costs. We examined how these initiatives were
related to cost growth. Three of the acquisition initiatives
had a statistically significant relationship with cost growth for
some equipment types. These inciude:

- Contract incentives in FSD and in production, which
were associated with lower cost growth.

- Total package procurement, which was related to
increased production and total program cost growth.

- Fixed-price development, which was associated
with higher development cost growth,

Howsever, this sort of aggregate analysis is not the final word.
We measured here only whether an initiative was applied or
not, not how effectively it was applied.

We examined several factors that might account for or be
considered major drivers of cost growth. Among all of these
factors, three stand out. The major drivers of total program
cost growth appear to be development schedule growth,
program stretch, and development schedule ler th.
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Abstract tion, even in the event of external delays

Program lifecycle management is of prime and disruptions caused by customers, vendors,

importance to firms, such as Hughes Aircraft and suppliers. For example, the model sug-

Company, that design, manufacture, and main- gests that overruns, particularly cost over-

tain complex military equipment and systems. runs, may be significantly reduced - without

These firms have come under increasing gov- adversely affecting product quality - by care-

ernment scrutiny and control, particularly fully limiting the number and type of discre-

The tionary mid-production design improvements.

with regard to cost and schedule risks.

Electro-Optical and Data Systems Group of This paper reports the background, approach,

Hughes has worked with the Systems Dynamics basic structural elements of the Hughes-USC
Laboratory at the University of Southern
California (USC)

ics model for analyzing alternative policies

model, and highlights some of the findings

to develop a system dynam- that have emerged from the policy testing

phase of the development.

available to a defense contractor for manag-

Backgqround

The Electro-Optical and Data System Group

ing the production program lifecycle.

The project to develop the lifecycle model
was initiated in 1985 in order to analyze the
over-time impact of design changes on cost,
The

model was developed on the premise that pro-

schedule, and technical performance.

gram management is a process with continuous
flows and discrete steps. By understanding
the relationships among these steps and flows,
second and third order effects of various
management policies on the acquisition pro-
The Hughes-USC model

wddresses the construct that cost and sched-

cess can be examined.

ule risks can be substantially reduced
through improved program management informa-

(EDSG) at Hughes Aircraft Company has become
increasingly aware of the need to improve the
efficiency of the process with which its pro-
Ineffi-
encies in the implementation process may

duction programs are implemented.

accumulate over the entire program lifecycle
to raise costs, extend schedules, impact pro-
duct quality or otherwise reduce customer
satisfaction.

A number of these inefficiencies can be traced
to the customer's demand for full-scale pro-
duction even while the product design is still
somewhat immature or while the customer's

needs have yet to be defined clearly. Since
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the customer also demands a high-quality,
reliable product, the product design may have
to be changed and upgraded in the midst of
full-scale production. But design changes can
have an enormous impact and affect virtually
every aspect of the program lifecycle. For
this reason, the manner in which changes are
made, communicated, released, and incorporated
may have a great influence on a program's

overall relative success.

It is the primary function of Confiquration
Management (CM) to direct and control the flow
of vital product information throughout the
lifecycle of program implementation. The
primary objectives of Configuration Management
include the fcllowing:

a. To assist management in developing and
producing systems and/or equipment that
achieve the required performance at the
lowest cost, within the scope of the con-
tractual requirements, and consistent with
the goals and objectives of the company.

b. To maximize the return from development
and production effort by allowing the
greatest degree of design and development
latitude consistent with the appropriate
degree of configuration control.

c. To establish a documented initial state-
ment of technical requirements and to
establish approved and controlled techni-
cal documentation for use in the develop-
ment, manufacture and logistic support of
systems/equipment.

d. To ensure configuration identification and
correlation of documentation and hardware
items by means of a uniform, standard
system of identification numbers.

e. To attain maximum efficiency in the man-
agement of configuration changes with
respect to their necessity, cost, timing
and implementation.

f. To ensure correlation between configura-
tion identification and the equipment.

g. To attain the optimum uniformity in con-
figuration management policy, procedures,
forms, reports, and data.

This function would be important even without

design changes, because of the inherent

logistical challenge of managing both internal
and external relationships in such a way that
lines of communication and material pipelines
function smoothly and so that cost-effective-

ness is maintained.

The challenge of CM is compounded greatly,
however, in the presence of mid-production
design changes, particularly when these
changes are numerous and continuous. The
incorporation of design changes by manufactur-
ing can be disruptive and may even lead to
higher costs and more schedule slippages if
not appropriately managed. But the meaning of
"appropriate management" in this dynamic con-
text is unclear. For example, is it more cost
and time effective to block changes, i.e.,
accrue to some number before their release, or
to release changes individually as they are
approved? Likewise, is it better to scrap old
parts in inventory to make way for the new and
improved components, or to avoid the cost and
disruption of scrapping by using the old
parts?

Because of the sheer complexity of program
implementation, the answers to such questions
are far from obvious. At the same time, the
importance of finding and acting upon the

answers is undeniable.

Purpose and Approach

This EDSG project began as a research study
and has evolved into an operating model with
several completed phases. Its purpose is to
examine the potential role of CM in making
program implementation more efficient over the
entire lifecycle of design, manufacturing, and
Integrated Logistics Support (ILS). The ini-
tial phase was devoted to the construction,
refinement, and calibration of a system
dynamics computer simulation model. This
model portrays the major flows of materials
and information in the overal.l implementation
system, as well as the decisions and actions
that are responsible for those flows. A major
portion of this phase was devoted to sensi-
tivity testing of the model, a process which
reveals the key pieces of causal structure
underlying observed behavior, and which indi-
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cates the key decision points in the system.
The model that has been developed permits
examination of alternative policies and pro-
grams in the quick, inexpensive, risk-free
environment of a computer program, so that
resources can later be spent more effectively
in the real system. Figure 1 describes the
interfaces, material flows, and information

flows in the system.
Figure 1 - Model Overview diagram here

The second phase consisted of two major
actions - alternative policy testing for
optimal production strategies within the realm
of management and verification of the model
structure by applying it to a completed pro-
duction program and comparing the model output
with the historical outcomes which were known.
In this "hindsight" applicaticn, the model
predicted accurately the outcome of the
acquisition. The impacts of exogenous and
endogenous events that occurred during the
project were tracked with a high degree of
accuracy. The results of the two phases will

be presented in the following discussion.

Description of Model Structure

Model development and sensitivity testing are
necessary precursors to an in-depth analysis
of CM policy alternatives. This subsequent
analysis will be used to shape policies that
will guide decision making for specific pro-
grams at EDSG. It is conceivable that a set
of decisions that is best for one program may
not be best for another.

The model described in Figure 1 consists of
roughly 300 parameters, including 200 output
variables and 100 input parameters (fixed
constants and functional forms). These param-
eters are discussed in detail in Part 2 of
this report. Of all the input parameters,

only the Master Schedule for shipments actually
"drives" the system through time; all other
inputs are time-independent. The model is
written in the DYNAMO simulation lanquage as a
set of integral equations which approximate
the continuous movement of the system through
the model

time. As characterized in Fiqure 1,

portrays the major program implementation
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activities within EDSG as well as interactions
with the customer and with parts vendors. The
EDSG system consists of three functional sub-
systems - Engineering, Manufacturing, and ILS-
involved in implementing a program that has

been given its production contract "go-ahead".

The function of Engineering as modeled is to
respond to engineering change requests (ECRs)
with design (engineering) changes, in the
form of new drawings that are passed on to
ECRs may be

submitted as a result of input from the

Manufacturing for incorporation.
customer {new performance requirements), from
Engineering itself (continued design improve-
ments), from Manufacturing (test yield or
producibility problems), or from ILS (reli-
bility problems). It is assumed in the model
that the need for further design changes can
ultimately be eliminated as the design
improves toward its ultimate "ideal" state

relative to the customer's requirements.

The function of Manufacturing as modeled is to
procure and fabricate component parts and to
assemble, test, and (when necessary) to rework
units. Assembled units that have passed final
test, or whose test requirements have been
waived,
ILS.

to be shipped and are therefore turned to in

are then shipped to the customer via

(Waivers may allow lower quality units

large numbers only when shipments are running
significantly behind schedule.) Also shipped

to ILS are spare parts used for unit repairs.

The ordering and fabrication of parts and the
assembly of units are driven largely by the
Master Schedule for shipment (set back in time
to account for normal lead times). Purchase
and fabrication orders may exceed their
scheduled quantities, however, when stocks are
These

conditions may occur either because of an

depleted or backorders have developed.

unexpectedly large demand for parts (for in-
house rework and/or for spare parts) or fol-
lowing the purging (scrapping) of old config-
uration parts. Unit assembly may also be
forced to deviate from schedule due to short-
ages of component parts (which can cause

assembly slippages) or in an effort to make up




for past slippages. Deviations allowing for

the use (rather *han purging) of old parts are
also used more frequently when assembly sched-
ule slippages become serious, in an effort to

avoid further slippages.

The function of ILS as modeled is to repair
field units that have failed and to procure
the spare parts (from manufacturing) needed
for repairs. Spare parts orders increase
beyond their scheduled quantity when the rate
of field failure exceeds expectations, in an
effort to avoid spare parts shortages. Such
shortages can lead to an increasing backlog of
units awaiting repair with a corresponding
decline in the Customer's field performance

requirements.

Scope of the Model

The focus of the model was on the manufactur-

ing and ILS phases of the production life-
cycle. The central theme of the simulation
was to study the effects of design imperfec-
tions detected at mid-production on program
costs and schedule. The commonplace occur-
rence of concurrent production contracts,
with the inherent incomplete designs and
testing prior to full scale production, sup-
port this theme. Thus, the variables of in-
terest were those that would affect such out-
puts as flows of parts, assembled units, re-

work, and engineering changes.

The model was developed and calibrated to re-
present an on-going production program that
was nearing the mature stage of its lifzcycle.
A significant number of deliveries had
occurred and follow-on awards had been

The program was experiencing con-
After

received.
siderable schedule and cost overruns.
calibration, the model was able to track
closely the historical data from the program.
Various programmatic policies were then

tested and the results were analyzed. When
confidence in the model's ability to replicate
the program was gained, the model was recali-
brated to represent a different production
program that had been completed and for which
history and outcomes were known. Again, the

model was able to closely represent the his-

tory of the program, including several sc
As will
be shown, the policy tests affected both pro-

changes that, in reality, did occur.

grams in a similar manner, hut of differing

magnitudes in cost and schedule impacts.

Central Policy Issues

As indicated, the model was tested for many
different programmatic policies. The impacts
of these policies ranged from no economic
benefit to very high impact. The three se-
lected policies that will be discussed showed
significant impact on cost and scheduled de-
liveries. These policies, although indepen-
dent of each other, did produce additive bene-
fits when applied collectively. The policies
and an explanation of each are:
A. Mid-production engineering change requests
{(ECRs) :

of reascons including:

CRs are generated for a number
a) new performance
requirements, b) design improvements, c)
test yield and producibility, and d) re-
liability.
1 and class 2.

Two types of ECRs exist-class
Class 1 ECRs are those
that affect "form, fit, function, or safe-
ty" of the product. Class 2 ECRs tend to
be those that deal with cosmetic change,
typographical errors in drawings, etc.,
all very important to the management of
the production configuration. For the
purposes of this study, all class 1
changes were not considered within the
scope of the model.

Analyses have demonstrated that most class
2 ECRs are internally generated rather
than customer directed. Questions that
would arise are: Should discretionary
ECRs be terminated altogether at some
Should each ECR
be accepted only if the economic benefit
Should ECRs be

grouped together and released in "blocks"

point during production?

exceeds some threshhold?

rather than as processed and received?
B. Disposition of old-version parts: At issue

is the fate of in-house parts when newer
version parts are received. During pro-

duction, it is commonplace for some of the
components used in the manufacture of the

product to have new and improved versions
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offered by vendors. Sometimes, the new
version becomes the only version available.
Usually, when new version parts arrive in
factory stores, it is a common practice to
old version parts from

Not to

purge, or discard,
raw inventory and work-in-process.
do so may be considered a deviation from
plan to cut new version parts into pro-
duction as soon as possible. The question
that arises 1s should the practice of
purging be eliminated or modified?

Often,

C. Ordering of parts: parts are pur-

chased from vendors that have a great deal
of uncertainty in delivery time. Some
vendors may be small and have difficulty
meeting large influxes of orders. It is a
common practice to order parts so that
most arrive well before they are needed
for assembly (Antithesis of Just In Time

inventory). This practice, allowing for

early huildup of safety stock, is known as
"front ioading" the parts delivery schad-
ule. In essence, the front loading exac-
erbates the constant problem of end-of-
production part shortages by moving this
problem forward in time. However, other
problems dealing with inventory control
such as parts attrition arise. The gques-
tion then becomes should this practice

be eliminated or modified in some manner?

Results of the Policy Testing

Tables 1 and 2 summarize respectively the
policy test results for the mid-production

and completed production programs.

Table 1. Mid-Production Program Results here
Table 2. Completed Production Program Results

here

The three policies in each of the tables are
listed in order of impact on the program
variables. The most incremental impact was
observed when the policy of completely elimi-
nating purging of parts was invoked. In pro-
gram 1, the gain in reducing cost overrun with
this policy was 20%; with a net reduction in
late deliveries (unit-months late) of 62%.

Cutting off ECRs after the eighteenth month
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of production further reduced the cost overrun
by 5% from plan, but an unexplainable increase
in late shipments was observed. Finally, by
employing the policy of elimination front
loading, further improvement in reducing cost
growth was noted, but « significant reduction
of 50% in late shipments from the previous
level was noted. Thus, when all of the three
policies were implemented, cost improvement of
36% and schedule improvement of 80% were
observed. Similar improvements are noted in

the data from the second program.

Recommendations

The results of the policy testing utilizing
the system dynamics model sruggest the follow-
ing recommendations:

1. Eliminate purging of olad parts except
where part changes are customer directed
or as a result of a class 1 change; i.e.,
nondiscretionary. An understanding should
be reached with customers on this policy
so that use of o0ld version parts is not
considered a deviation from contract.
Purging of the old parts can generate
severe parts shortages largely responsible
for cost and schedule problems. Purging
parts actually slows the rate at which
acceptable units are produced, counter to
the intention.

Early termination of discretionary ECRs
should be directed. Besides being a signif-
icant cost saver, reductions in schedule
slippages will result. The marginal bene-
fit of ECRs was found to decrease as
design improves, but the marginal cost of
the administration of the ECR remains the
same. Thus, the marginal net benefit of
ECRs is greater early in the manufacturing
phase.

The delays and disruptions caused by ECRs,
especially those that have a high degree
increases as

of interrelatedness, produc-

tion becomes more mature; further adding
to the cost and schedule problems.
Filtering out the less cost beneficial
ECRs followed by an outright termination
of all discretionary ECRs can cut costs

more than termination alone. But, the




Table 1. Mid-Production Program Results.

Table 2. Completed Production Program Results.

Relative % Cost Cumulative Relative % Cost Cumulative
Policy Cost(§M) Overrun*  Late Deliveries Policy Cost($M) Overrun*  Late Deliveries
Current (Base) 396 44 5670 Current (Base) 193 33 2834
No Purging 313 14 2155 No Purging 175 21 2034
ECR Cut (Mo.18) 299 9 2223 ECR Cut (Mo.18) 160 10 982
NoFrontLoad 298 8 1120 NoFrontLoad 157 8 976

* based on plan

* based on plan

Figure 1 - Model Overview
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additional savings are relatively small
and appropriate implementation is not an
easy task. Thus, the benefits of filter-
ing may not be worth the extra effort and
uncertainty involved with such an action.
Concerning the release of approved ECRs,
it was determined that block release of
mid-production design changes delays
realization of their benefits and increas-
es the disruption this method causes. The
recommendation is that approved changes

be released as they are processed and not
be allowed to accrue.

3. The practice of front loading parts should
be discontinued. Front loading of the
parts delivery schedule builds up the raw
parts stock Ind disguises the extra
attrition caused by unexpected rework and
repair - plus any impact of parts purging.
This build=up can lead to the factory's
being caught short of parts at the end
of the contract should the production
program be temporarily or permanently
discontinued. Additional inventory
carrying costs and control problems were

not addressed in this simulation.
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EFFECTIVENESS OF DESIGN-TO-COST IN MAJOR ACQUISITION PROGRAMS
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ABSTRACT

Design-to-Cost (DTC) is a Packard initiative designed to
develop a unit cost goal early in the design process. The
concept requires that cost be weighted equally with
performance and schedule. The study uses data on 63
major systems to compare ccst and schedule outcomes for
DTC and non-DTC programs. Case studies of the F/A-18
aircraft and the AH-64 helicopter, interviews with program
office and industry staff were included in the analysis. Of
the 63 major programs in the study, 27 programs have DTC
application. The overall cost growth in DTC programs is 19
percentage points greater than that of the non-DTC
programs. DTC has not been successful because it has
been applied during FSD, too late in the program to be
effective. DTC has been used as a cost monitoring device
rather than as a design tool. However, in the late 1970's,
when DTC had time to develop as an initiative, there are
indications that it was more successful. To be cost effective,
DTC should be implemented early in the concept
development phase where design tradeoffs are still
feasible.

INTRODUCTION
The purposo of this paper is to examine trends in the
outcomes (in terms of costs and schedules) of major system
acquisition programs that have DTC implementation and to
determine its effectiveness in improving these outcomes.
The cost growth is examined by time period and by phases
(development and production).

Our approach to this study is : (1) Develop cost and
schedule histories of selected programs using Selected
Acquisition Report (SAR) data, Development Concept
Paper (DCP) information, and other information from the
military services, program offices, and the delense industry;
(2) Assess guantitatively the effectiveness of DTC in
controlling or reducing cost, both at a macro-level (across
all programs) and at a micro-leve! (on the basis of individual
case studies).
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BACKGROUND

The design-to-cost (DTC) concept was instituted as one of
several reforms to Department of Defense (DoD)
procurement practices. Developed primarily by former
Deputy Secretary of Defense David Packard and by former
Director of Defense Research and Engineering (DDR&E)
John Foster, DTC was an initiative designed to develop a
unit cost goal early in the design process. DoD Directive
4245.3 of April 6, 1983 defines DTC as:

an acquisition management technique to achieve
defense system designs that meet stated cost
requirements. Cost is addressed on a continuing basis
as part of a system's development and production
process. The technique embodies early establishment
of realistic but rigorous cost goals, and thresholds and a
determined effort to achieve them.

The DTC goal is initially expressed in terms of the average
unit flyaway (or rollaway or sailaway) cost associated with
an end item of military hardware. As the ability to translate
operations and support cost elements into "design to"
requirements improves, DTC goals and thresholds are
related to total life-cycle cost (LCC).

In 1975, DoD Directive 5000.28 was issued imposing the
concept of DTC on all major systems acquisitions, requiring
that cost be weighted equally with performance and
schedule. According to DoD Directive 5000.28 (1973), DTC
has a twofold objective, as described below:

» To establish cost as a design parameter equal in
importance to technical requirements and schedules
throughout the development, design, production, and
operation of the system.

« To establish cost elements as management goals for
acquisition managers and contractors to achiseve the
best balance among LCC, acceptable performance, and
schedule [1].




BENEFITS AND WEAKNESSES

The pnmary benefit of DTC is the requirement that costs be
estimated throughout the system's life cycle. Additional
expected benefits are

+ DTC defines a measurable design parameter to be
evaluated along with performance. A DTC parameter
may be a goal or a threshold,; values can be expressed
n constant dollars, resources required, or other
measurable factors that influence cost [2].

+ DTC provides a basis for communication and
ordination of effort between government and industry
participants. [2]

+ DTC leads designers and product eers to take
1 design/product t f ] the dasign

! st growth

1T ve y COstincreases
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date thereafter, but in no case should the goal be
established later than entry into FSD. Figure 1 illustrates
DTC in the acquisition life cycle.

The staft of the Directorate for Procurement Policy
examined over 35 contracts that used the DTC concept and
found that about 40 percent had the DTC requiren.ents
:mplemented after the FSD contract was executed [4]. For
example, the DTC goal for the F/A-18 was implemented
after the program entered the FSD phase. In general, the
DTC concept has not been properly applied. It has not
been implemented early enough in the concept formulation
phase, when greater flexibility existed to maximize total
peiformance for the dollars available. In most programs,
the DTC goal was not followed through to completion. It
either was dropped or faded away in program FSD
(F/A-18).

DATA SOURCES AND OUTCOME MEASURES

For each of the programs included in the case studies and
total sample, schedule dates, cost, production quantities,
and narrative information were obtained from Selected
Acquisition Reports, and the latest available editions of the
Defense Marketing Service (DMS), "Missiles Market
Intelligence Reports”, Janes' Weapon Systems 1978-88,
the Interavia Summary of Weapons, and interviews with
program management and contractor personnel.

Developimant estimates (DEs) made at Milestone [l or at the
start of full scale development, of schedules, costs, and
quantities were obtained from the sarliest available SAR for
each program. Current estimates (CEs) of schedules, costs,
and quantitias were obtained from the year-end SARs ‘or
the programa.

The outcome measures are as follows:

- Cost growth--development, production, and total
program.

+ Schedule slippage development and production.

+ Quantity changes--development and production. Trends
in quantity change given clues to such issues as
reasonableness of the deve!cpment plan, the degree of
production stability, and the prevalence of program
stretch-out.

Development cost growth is a ratio of the current estimate cf
development cost at IOC date and the developmen! cost
estimate at SAR DE approval.

Since many programs change their planned quantity as the
program progresses through production, the production
cost was calculated based on the originally planned
quantity, the development estimate quantity (DEQ). We
developed price-improvement curves from the SAR annual
data for completed production years. From these curves,
we calculated the cost of the development estimate
quantity.
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Figure 1. Design-to-Cost in

Development schedule growth is a ratio of actual time
(months) from FSD to 10C. Production schedule growth is a
ratio of actual time (months) from production start to
production end and estimated time (months) from
production start to production end.

CASES EXAMINED

The following cases illustrate the application of DTC in
three systems, the F/A-18, the A-10, and the AH-64. Due to
the relative availability of data, the cases presented vary
considerably in scope and detail.

E/A-18 Aircraft

The F/A-18 program called for 11 RDT&E and 800
production aircraft. DTC was introduced as a requirament
in the FSD contract awarded to McDcnnell Douglas in
January 1976. The contract also included a DTC incentive
clause that provided for adjustments™a FSD earnings for
variations in cost from the DTC goals set down in the
contract. In December 1978, production quantity was
increased from 800 to 1,366, then was reduced to 1,157 in
1986. The F/A-18 has been significantly upgraded since its
inception as a "low-cost" fighter.

Table 1. F-A/18 Schedule an

the Acquisition Life Cycle

The DTC goal was based on a cumulative average
recurring cost for 800 aircraft. It was approved at $5.6
miltion ($5.9 million threshold) in FY 1975 dollars.
Changes in program plan and schedule in 1978 revoked
the DTC incentive arrangement. After that date, the
government had no way to enforce DTC. The DTC
reporting structure was maintained throughout FSD
deliveries and eventually discontinued without a formal
conclusion.

The cost summary of the F/A-18 program is given in
Table 1.

Compared with all tactical aircraft in our study, the F/A-18
total program cost growth is 14 percentage points higher.
This indicates that the F/A-18 program did not do better than
non-DTC programs.

The following observations can be made about the F/A-18
experience:

« The contractor saw the Navy as being unwilling to trade
other system parameters, e.g., performance for cost.

» Design, performance, and cost interrelationships were
not established during the program conception phase to
allow cost-reducing design tradeoffs.

d Cost Qutcomes Versus

All Tactical Aircraft Outcomes

All Tactical
F/A-18 Aircraft
Development Cost Growth 1.15 1.18
Development Schedule Growth 1.08 1.03
Development Quantity Growth 1.00 1.10
Production Cost Growth 142 1.25
Production Schedule Growth 1.71 2.12
Production Quantity Growth 1.45 1.65
Total Program Cost Growth 1.37 1.23
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- The original DTC goal was not continually updated and
tracked through changes in design, performance,
production quantity, and schedule.

« Parametric cost estimates often vary widely from actual
costs, yet parametric cost estimates were not updated to
reflect actual costs as the data became available. This
practice would permit an accurate and timely
assessment of DTC program effectiveness.

* The contractor saw the Navy as placing insufficient
emphasis on DTC.

* The Navy saw the contractor as appearing to make a
sincere effort to implement the DTC program, but failing
to follow it through.

- ircr

In December 1970, development contracts for A-9 and A-10
prototypes were awarded respectively to Northrop
Corporation and Fairchild Republic Division, Fairchild
Industries. The firm-fixed-price contracts, void of the usual
military specifications, standards, and other normal
procurement requirements, provided the contractors with
maximum flexibility to trade performance and cost. In March
1973, following the competitive Air Force flight evaluation of
the full scale development and production proposals,
contracts were awarded to Fairchild Republic and General
Electric as the airframe and engine contractors,
respectively. Fairchild Republic's contract was a cost-plus-
incentive-fee (CPIF) contract to build ten (cut to six by
Congress in 1974) pre-production aircraft on a negotiated
schedule. The incentive was for cost reduction alone, not
for increasing performance.

The main DTC clause defined unit production flyaway costs
as the sum of all recurring and non-recurring costs
(excluding all RDT&E costs) necessary to produce a
complete aircraft, including the applicable portion of system
engineering and program management. A prime objective
during full scale development was to design to cumulative
average unit production flyaway cost of $1.5 million in FY
1970 dollars for a total of 600 aircraft at a maximum rate of
20 aircraft par month.

The DTC objective was the requirement stated in the initial
RFP. The competing contractors were provided the latitude
to make tradeoff studies to achieve maximum system
performance while meeting the DTC objective.

The contractor was held responsible for controlling and
tracking its portions of the costs and for reporting any cost
changes over $3,000 on the Monthly Cost Performance
Report in both current and FY 1970 dollars. Also, any
proposed actions or tradeoffs to bring the costs back within
the limit had to be reported. The uncertainty of inflation did
not affect the cost goal because it was expressed in
constant dollars. The costs applicabls to the DTC goals
were separately collected, recorded, and reported. The
Total System Integration Responsibility clause made
Fairchild responsible for ensuring that the entire system
cost remained within the $1.5 million cost goal. Failure on
the part of Fairchild to meet the DTC goal in any of the

areas discussed could result in possible contract
termination {5).

Noteworthy features of Fairchild's implementation of DTC
are;

*The way the company organized the design team

*The emphasis placed on applying more money in the
prototype phase to produce a "production similar”
prototype aircraft

*The selection of a high-thrust engine already developed,
the extensive use of trade studies, and the use of an
iteration process with the engine manufacturer to reduce
engine costs.

According to Fairchild,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>